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EFFECT OF SODIUM SULFATE, CALCIUM LEVEL AND SOURCE AND 
PHOSPHORUS ON THE POTENTIATION OF CHLORTETRACYCLINE 
AND PERFORMANCE OF GROWING PIGS 
Abstract 
JOHN P. BALIOS 
Under the supervision of Professor Richard C. Wahlstrom 
Experiments designed to study the potentiation of 
antibiotic in swine were conducted over a two-year period. 
During the two years, 344 crossbred pigs were used in three 
separate experiments to study the effect of calcium sources 
and levels, sulfate sources and levels, and phosphorus 
levels in diets containing different levels of chlortetra­
cycline. The first experiment was divided into �hree twc­
pe�iods. During the first two weeks 50 g/ton of chlorte­
tracycline in the diets increased gain of pigs from 0.68 
to 0.72 kg. per day. Pigs fed diets containing chlortetra­
cycline gained significantly faster when the �ource of 
calcium was sulfate rather than carbonate. In the second 
period, pigs receiving a higher calcium diet with anti­
biotic grew significantly faster than those fed a low--cal­
cium diet. During the third two-week period pigs fed a 
calcium carbona�e diet achieved gains significantly greater 
than those fed a calcium sulfate di2t. On an accunmlative 
basis (0-6 weeJ�s) there were no significant differences 
4111 
among treatments in either average daily gain or feed 
efficiency. piets containing three levels of calcium (0. 3, 
0.7 and 1.1%) with and without l00g/ton of chlortetracy­
cline were used during the first four-week period of 
Experiment 2. In the second period (2 weeks) all diets 
contained 0.3% calcium. Pigs fed the antibiotic diets 
received 200 g/ton of chlortetracycline. Blood was col­
lected from all pigs at the beginning of the experiment, at 
the end of the first period and at the end of the second 
period. Over the entire six-week period antibiotic fed 
pigs gained significantly (P<.01) faster and required 
less feed per Kg. gain than pigs fed diets without anti­
biotic. Figs fed diets of 0.3 and 0.7% calcium responded 
significantly (P<.0S) better to antibiotic than those fed 
the high calcium diet. Bl�od serum calcium was similar 
among all treatments at the first and third blood collec­
tions. At the second collection pigs on the lowest dietary 
calcium level showed blood serum calcium levels signifi­
cantly higher than the others. Serum chlortetracycline at 
the second blood collection increased linearly with decreas­
ing levels of dietary calcium. Serum chlortetracycline at 
the third collec�ion followed the same pattern as the 
second and was closely correlatea with the dietary calcium 
levels of the first period. Several methods of potentia­
tion of chlcrtetracycline were studied in the third 
experiment which was conducted for ten weeks. The diets 
included increasing levels of sodium sulfate, calcium sul­
fate and dietary phosphorus and also a low calcium diet. 
All diets contained 200 g/ton chlortetracycline. Blood was 
collected at the beginning of the experiment after pigs 
were fasted overnight and fed for five hours and again 
two weeks later. Chlortetracycline significantly (P<.os) 
increased daily gain. At both sampling periods the lowest 
Values of blood serum calcium were found in pigs fed the 
Very high (1.8%) phosphorus diet. At the first collection 
blood serum from all pigs, except those fed the calcium 
sulfate supplemented diets, contained chlortetracycline 
levels which were significantly higher (P <. 05) than the 
controls. At the second collection only serum from pigs 
fed the low calcium diet an� the two very high phcsphorus 
diets had chlortetracycline values significantly higher 
(P<.os) than controls. Increasing amounts of sodium 
sulfate in the diet caused a linear increase of blood 
serum chlortetracycline in the blood serum. At both 
collections, blood serum chlortetracycline was also signi­
ficantly (P<.01) higher when pigs were fed the high 
phosphorus diets. 
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INTRODUCTION 
About 30 years have elapsed since the growth promoting 
properties of dietary antibiotics first became an object of 
extensive research. Since that time an inexhaustible 
number of papers and review articles have appeared, which 
cover in great detail the whole concept of antibiotics and 
their magic effects on promoting growth, improving feed 
efficiency, and preventing and treating diseases. 
In the late 1 940 's the American swine producer was 
attempting to move from pasture to dry lot feeding . Catron 
(1949) described the situation as: "Many farmers have been 
turning to the use of concrete lots to overcome swine dis­
ease, parasites, water hauling and fencing problems. This 
definitely creates nutritional deficiencies, new experi­
ences for many. Many rations which once gave excellent 
results in pasture feeding result in slow growth rate, 
scouring and high de�:. th losses under dry lot conditions." 
The advent of the antibiotics very effectively enabled 
the industry to achieve performances and feed efficiency 
better than the good pasture rations used up until that 
time . 
At first antibiotics were almost entirely restricted 
to their low level nutritional use. However, in the late 
1950's and early 60's with the development of intensive 
methods of anirr.al mar:agemE·nt, particularly in the pig and 
poultry field, antibiotics were added to the feed for pro­
longed periods to control or prevent the development of 
clinical disease� 
It has been known for some time that very high levels 
of antibiotics are effective against diseases other than 
those for which they are now incorporated into feeds. How­
ever, the antibiotic level which must be used for the pre­
vention and treatment of these diseases is so high, that 
it is not economically feasible to use the antibiotics for 
these purposes. 
Thus, the cost of antibiotic treatment under these 
conditions of concentrated production, became a very im­
portant factor, and attention was drawn to the cost of 
treatment, based on the biological availability of anti-· 
bj ·.)tics. 
In 1 960 a new word was added to the vocabularly of 
poultry and feed men. The word was "potentiation" which 
means to make more active or powerful. Potentiation made 
it possible for the activity or power of broad-spectrum 
antibiotics such as chlortetracycline to be increased two 
or more times. The benefits, particularly to broilers and 
replacement chicks, were measured in improved health and 
more efficient production� 
Most of the research regarding potentiation of anti­
biotics has been done in the area of poultry, with 
2 
-
conclusions, that the same principles and same results--to 
a certain extent--will apply to other livestock. 
It was the object of this study to investigate the 
potentiation of antibiotics, and particularly chlortetra­
cycline, in swine diets. 
1111 
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REVIEW OF LITERATURE 
Antibiotics have been defined as a group of soluble 
organic substances that are produced by microorganisms and 
that are characterized by the ability to inhibit, at low 
concentrations, the growth, activity, or multiplication of 
other microorganisms. Some of the antibiotics widely used 
in animal production are penicillin, streptomycin, baci­
tracin, tylosin, chlortetracycline, and oxytetracycline . 
The latter two antibiotics are more commonly known by their 
trade names, Aureomycin and Terramycin . 
Antibiotic Growth Effect in Pigs 
The first indications of the profound effects of anti­
biotics on the growth of pigs appeared in the summer of 
1949. Stokstad et al. (1949) and Jukes (1949) noted that 
it was possible, by assay with chicks, to standardize crude 
preparations from the chlortetracycline fermerltation which 
supplied not only vitamin B12 but another growth factor as 
well . 
These preparations, known as "Animal Protein Factor, " 
were furnished to various investigators who were studying 
the effect of vitamin B12 in swine nutrition. Cunha and 
co-workers, (1949) reported that these preparations marked­
ly improved the growth of pigs on an all-vegetable diet 
even when vitamin B12 was ineffective. In one of their 
experiments, the gain on the basal diet was 0 . 13 Kg . per 
day, with vitamin B12, 0. 11 Kg. per day and with the 
chlortetracycline fermentation supplement, 0. 33 Kg . per 
day. 
In addition to obtaining the same results as Cunha, 
Catron (1949) and Carpenter (1950) , based on the observa­
tion that these preparations were controlling diarrhea, 
concluded that the growth-promoting effects of chlortetra­
cycline " Animal Protein Factor" preparation on pigs, were 
due primarily to its antibiotic content. 
In 1953 Braude and co-workers reviewed the whole con­
cept of antibiotics in swine nutrition . Table I, which is 
condensed from their review, summarizes the data published 
by various agricultural experiment stations with respect 
to the effects of various antibiotics on the growth rate 
and feed efficiency. 
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TABLE 1 .  GROWTH AND FEED EFFICIENCY OF PIGS 
RECEIVING VARIOUS ANTIBIOTICS 
Feed Required 
Growth Index Per un·it of Gain 
Antibiotic (unsupplement.ed = (unsupplemented 
100) 100) 
Aureomycin 135.9 (187)* 90.2 (146) 
Penicillin 110.6 (53} 94. 3 ( 44) 
Streptomycin 115.2 {50} 94. 4 ( 41) 
Terran1ycin 123.7 (23) 93. 9 (17) 
Bacitracin 109. 0 (12} 103. 0 (10} 
Chloramphenicol 105. 5 (6) 98. 2 (5) 
Neomycin 93 . .3 (4) 87.6 (3) 
Polymyxin B 96.0 (1) 100.0 (1) 
Subtilin 89.0 {1) 130. 0 {l) 
*Figures in parenthesis indicate number of comparisons 
Factors Affecting Response to Antibiotics 
Size of the Pig 
The feeding of antibiotics to suckling pigs is a 
difficult field of experimentation mainly because very 
young pigs often will not eat enough creep to obtain maxi­
mum benefit froffi antibiotics in the feed. 
Carpenter (1951) found that baby pigs which were 
a llowed to eat a diet containing chlortetracycline supple­




1.43 times as much at weaning as controls receiving the 
supplementary diet without antibiotic. If, instead of 
suckling, the baby pigs were fed an artificial milk, the 
response to antibiotics was also qui�e markeda 
Wahlstrom and co-workers (1950) found that two day 
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old pigs grew at the average rate of 0. 34 Kg. per day for 
eight weeks on a diet of lard, glucose, soybean protein, 
methionine, minerals and vitamins. With the addition of 
chlortetracycline, 100 mg per Kg. of dry matter in the 
diet, the growth was 0.44 Kg. per day. No growth-promoting 
effect was obtained from penicillin or sulfathalidine. 
Noland et al. (1951) in a similar experiment reported 
similar results . 
Under normal conditions of hygiene and management, the 
greatest response to antibjJtics is obtained from weaning 
to about 45 Kg. body weight. Robinson et al. (1954} showed 
that there is little benefit beyond the 45 Kg. In another 
study the same workers (1952, 1953) reported that there is 
also little benefit by introducing the antibiotics to pigs 
that had reached the 45 Kg. weight. Lucas (1955) concluded 
that the growth response to antibiotics decreases as the 
starting weight increases . 
State of Health 
Pigs reared under normal conditions are subject to 
intestinal infections accompanied by diarrhea, sometimes 
mixed with blood . This phenomenon is not uncommon in swine 
husbandry and may be the cause for undersized, unthrifty 
pigs in an otherwise normal litter .. It appears that anti­
biotics may prevent or at least reduce this unthriftiness. 
Catron and Cuff in 1951 conducted an experiment with 
"unthrifty" pigs weighing about 9 Kg . The control group 
9ained 0. 32 Kg . per day while a second group receiving a 
supplement which furnished 40 mg of chlortetracycline per 
Kg. of diet gained 0. 52 Kg. per day during a 9-week period. 
Becker et al . (1951) reported that a group of un­
thrifty pigs that served as controls grew at a rate of 
0. 25 Kg . per day and consumed 4. 75 Kg . feed per Kg . gain 
for a period of five weeks, while another group of similar 
pigs fed 11 mg of chlortetracycline per Kg . of diet gained 
0. :5 Kg. per day and required 2. 88 Kg. of feed per Kg. gain 
for the same period of time . These results are in agree­
ment with the work by Carpenter (1950) . 
Method of Peedin� 
There are two contrasting methods of feeding pigs:· 
"ad libitum" and "restricted . "  Because of the difference 
in appetite, time allowed for feeding, the quantity of 
8 
food permitted and the palatability of feed, the differ­
ences in growth rate obtained between these two systems of 
feeding are as great as those due to feeding of antibiotics . 
Often the question is asked, "Is the increased growth 
rate due to increased feed consumption, or is increased 
consumption of feed due to increased growth rate?" 
Brown et al. (1952) and Wallace et al. {1955) reported 
that no antibiotic response was obtained with equalized 
feeding, and it was concluded that responses to antibiotics 
with ad libiturn feeding are due to an increased consumption 
of food by the treated animals. On the other hand, Robin­
son et al. (1953) found little evidence of increased food 
intake due to appetite stimulation by penicillin, the 
slightly greater food intake of the treated pigs being 
attributable to their greater weights. Although these 
findings are contradictory, it seems very important in 
considering responses found with restricted and ad libitum 
feeding on similar diets, t� keep in mind the greater 
overall weight gains obtained as a result of the greater 
feed intake when feed is not limited (Shorrock 1940, 
Hvidsten and Homb 1961) . 
Composition of Diet 
Most of the experiments to study the antibiotic effect 
on the growth of pigs have been made with either an all­
vegetable protein ration based on corn and soybean meal, 
or with a mixed protein diet of corn soybean meal and an 
animal protein such as fishmeal, meat scraps or tankage. 
9 
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Bowland et al. (1951) and Lepley et al . (1950) report-
ed that growth on the mixed protein diet was usually better 
than on the all-vegetable diet . In contradiction to these 
reports, many workers (Becker et al. , 1952; Burnside et al. 
1950; Cunha et al. , 1950a, b, c,d 1951; Edwards et al . , · 1950, 
1951) have reported that the growth response to antibiotics 
was generally greater with the all-vegetable protein diets 
than with the mixed protein diets. 
Robinson et al . (1952) in an attempt to explain these 
differences, conducted an experiment with pigs for a period 
of 15 weeks. Pigs receiving the vegetable protein diet 
gained 58. 5 Kg. a.nd those given a diet with fishmeal, 68 
Kg. The addition of penicillin increased the gains to 
67. 6 and 74 . 4  Kg. respectively. Although the percentage 
response is greater when antibiotics are added to all­
vegetable protein diets, growth on such diets was improved 
only up to that obtained with an unsupplemented mixed 
protein diet . 
Mode of Action of Antibiotics 
Since the first reports of the effect of certain anti­
biotics on pig growth, a number of reviews have been de­
voted to the various mode of actions involved {Braude et 
al., 1953a, b; Jukes and Williams, 1953; Stokstad, 1 954, 
Jukes, 1955; Combs, 1956, Luckey, 1959) . 
-
Among the various theories, the hypothesis of an 
action of the antibiotic on the flora of the digestive 
tract was suggested very ea.rly, because the only property 
that most antibiotics which promote growth have in common 
is their antibiotic power with regard to bacteria. 
11 
However, other evidence suggests that the bacterial 
flora is not the only site of action of antibiotics. Thus 
a second theory suggests that antibiotics might intervene 
in cell metabolism and by so doing, modify the utilization 
of the chemical substances introduced by the diet. 
A third theory, which is a very promising one, says 
that antibiotics nay act directly on one or several endo­
crine sys .l -.ems capable of influencing various Iiletabolisms, 
and therefore affect growth or other psysiological 
ft.· ·1ctions. 
These are the three theories that are the mo�t pre­
valent at this time and which might very well be comple­
mentary to each other. It is possible, for example, that 
the products of bacterial metabolism formed in the in­
testine and absorbed by the portal blood, could act direct­
ly either on �he cell or on various endocrine systems 
which could, in turn, affect intermediate metabolism. 
Due to the fact that there is not much support for 
possibilities two and threa, and the few reports available 
contradict each other, possibility one will be discussed 
in this revi12;vl .. 
-
The possible ways in which an antibiotic may promote 
growth by affecting the intestinal flora have been listed 
by Moore (1946) and expanded by Jukes and Williams ( 1953) , 
as follows � 
1. The antibiotics may inhibit or destroy organisms 
which produce subclinical infections i that is, they sup­
press organisms which produce toxic reactions that cause 
a s lowing of growth of the host animal . 
2. Antibiotics may produce an increase in the number 
or activity of  organisms which synthesize certain known or 
unknown vitamins or growth factors which are eventually 
made available to the host . 
3 .  Antibiotics may inhibit organisms which compete 
with the host for available nutrients. 
Romoser et al. (1952) found an increased number of 
Aerobacter 9erogenes in the ceca of chicks during the feed­
ing of penicillin. This organism (after isolation and 
growth in various media) when fed to chicks, gave a con­
sistently light growth response. But additions of  peni­
cillin to the diet promoted further growth. Anderson et 
al. (1 942, 1953a, b) observed that penicillin caused a 
shift in the cecal f lora from normal E. coli to a mutant 
of E. coli. When this mutant E. coli was included in the 
diet , it increased growth rate of chicks, but again, when 
the antibiotic was included, it further promoted growth 
1 2 
Manten and Hoogerheide ( 1 958) reported an increase in 
yeasts in the rat and mouse receiving 200 p . p . m .  of 
chlortetracycline . 
13 
Raib�ud et al. ( 1957) has shown an increased coli­
bacilli/lactobacilli ratio exists in the stomach, small 
intestine and cecum of rats receiving chlortetracycline . 
In the same study he points out that a parallelism exists 
between the weight gain and the increase in the number of 
colibacilli and streptococci. In animals with a positive 
growth response to antibiotics, the flora was dominated by 
lactobacilli (pig, rat , mouse, suckling calf, chicken and 
turkey) . 
The possible role of the lactobacilli in the nutrition 
of the host was reported in 1 952 by March and Biely, who 
noted in the chicken that chlortetracycline caused a re­
duction in the number of lactobacilli. These authors 
suggested that the diminution in the number of lactic acid 
bacteria could be a mode of action of the antibiotics 
because the lactobacilli are very demanding in such growth 
factors as vitamins. To support this hypothesis, Johansson 
et al. (1 953a) noted a decrease in lactobacilli following 
feeding of chlortetracycline. However, Anderson et al . 
( 1 952) and Moore et al. ( 1 946)  found increases in lacto-
bacilli following feeding of penicillin and streptomycin. 
Wahlstrom et al. ( 1951) reported no changes in the coliform 
3 5 O il  3 8 
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or lactic acid bacteria in the feces of baby pigs which had 
a marked weight increase as a result of feeding chlortetra­
cycline, streptomycin or penicillin . 
Lev et al. (1 956) have shown that chicks raised in an 
infected environment have a flora rich in Clostridium from 
the first few days of life. In some experiments, animals 
receiving penicillin showed no Cl. welchii. The authors 
then suggested that the presence of Cl. welchii is respon­
sible for a growth depression. This agrees with the re­
sults of Elam et al. ( 1 953) who found that penicillin, 
chlortetracycline and bacitracin reduce the number of 
clostridia. 
Kratzer et al. (1951) reported a five to ten times 
increase in the number of yeasts in the excreta of chicken­
fed streptomycin. Williamr et al. (1951 } and Wahlstrom 
et al. 
yeasts. 
(1951) found little or no change in the number of 
Johanson et al. (19 53b} observed an increase in 
- -
intestinal enterococci from feeding chlortetracycline 
while Sieburth e t  al. (1952) noted a decrease in coliforms 
and enterococci. 
Having in mind the theory that if the improvement in 
the growth of animals treated with antibiotics is exerted 
via the digestive flora, there should not be a response to 
antibiotics in germ-free animals, many researchers  studied 
this field extensively ; 
-
1 5  
Coates et al . (19 51) reported that in a laboratory 
used for 10 years for rearing chicks, the weight of the 
control animals at three weeks of age was 167 g while with 
a penicillin-supplemented ration the weight reached 192 
grams. In new quarters, the weights of the birds were 192 
and 188 g with and without penicillin, respectively. Bird 
et al . (1952) and Hill et al. (1952, 1953) have also re-
corded similar results . Coates et al. (19 5 3) in another 
experiment noted that addition of the intestinal contents 
of infected birds to the diet of chicks reared under very 
strict sanitary conditions caused a depression of growth 
which was partially counteracted by penicillin. After 
autoclaving ,  the intestinal contents caused no growth 
depression. On the other hand, introducing infected birds 
into a batch of non-infected birds resulted in a response 
to antibiotics . 
From the above discussion it is clear that the bac­
terial environment as well as the bacteria themselves play 
an important role in depression of growth of the host 
animal. Lev et al. (1956 conducted a series of experiments 
to determine the microbial species responsible for growth 
depression. A preliminary trial in which germ-free 
chicks were infected with a pure culture of E. coli or 
Cl. perfringens isolated from the intestine of a conven-
tional chick, showed that the bacterium responsible for 
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the growth depression was Cl. perfringens. The same study 
showed also that when birds from a clean environment were 
placed in an infected environment, their growth was de­
pressed and Cl. welchii was found in their ceca . Addition 
of penicillin not only stimulated the growth o f  the birds 
in the infected environment, but also eliminated clostridia 
from the intestine . 
In another study, Lev and Forbes (1959 )  reported that 
there was no growth retardation in chicks contaminated with 
E. coli , Lactobacillus Iactis and S treptococcus liquefacien . 
However, Cl. welc�ii type A caused a depression o f  growth 
compared with germ-free chicks . Addition of penicillin at 
a rate of 45 mg/kg counteracted the depression due to Cl. 
welchii. These results led Lev and Forbes to conclude that 
Cl. welchii is a growth-der ressing factor. They also con­
cluded that penicillin either eliminates Cl. welchii or 
modifies the activity of its lecithinase . 
Sieburth et al. (1951 ) and Elam et al. (1954) found 
that penicillin stimulated growth only when there was a 
reduction in the number of Clostridia in the feces. Smith 
(195 9 )  found a marked reduction in the number of leci­
thinase po sitive Cl. welchii in pigs from herds where anti­
biotics were regularly used. 
-
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Chelation 
The past 20 years more and more emphasis has been 
given to the fact that a great number of antimicrobial com­
pounds contain sites at which chelation might occur . Dur­
ing that period an equally great number of reports have 
been published concerning the effect of metallic cations 
on various activities of these compounds . 
The possible consequences of the ability of an anti­
microbial compound to combine with metallic ions have been 
summarized by Weinberg (1957) and include: 
1. The compound may inhibit enzyme systems by (a ) 
removing essential cations from the extra or 
intracellular environment , (b) facilitating the 
assimilation of toxic cations into the cell, or 
Cc) combining with essential cations that are 
already attached to enzyme molecules. 
2. The compound may stimulate enzyme sy� tems by 
(a) removing toxic cations from the extra- or 
intracellular environment or {b) facilitating 
the assimilation of desirable cations into the 
cell . 
3. The activity of the compound may be depressed or 
enhanced by quantitative or qualitative alteration 
of either th� metallic cations or other metal 
binding substances in the environment . 
-
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4 .  'I'he compound may be isolated, purified, assayed, 
as similated, detoxified, or excreted more readily 
in the chelate form. 
Chelation and Tetracyclines 
The tetracyclines comprise a group of antibiotic s  
characterized by their common hydronaphthacene skeleton 
and broad spectrum of antibacterial activity (Figure 1) .  
R1 R2 R3 
Tetracycl ine H CH3 H 
7 -Chlortetracycline Cl CH3 H 
5- 0xytetracycline H CH3 OH 
Fi gure 1. 
-
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Chlortetracycline (aureomycin ) ,  the first member of the 
group to be isolated, was discovered by Duggar in 1948 
among the metabolic products of Streptomyces aureofaciens . 
Oxytetracycl ine (terramycin ) was isolated two years later 
from Streptomyces rimosus fermentation by Finlay et al . 
(1 950 ) • 
All tetracyclines are �'llphoteric each having three 
ionizable groups, with PKas ranging from 3. 3 to 9. 7 .  
Their  common ch:co1ncphoric system gives a yellov: color to 
all member s of this family . 
To isol ate the tetracycl ines, advantage has been taken 
of their ability to chelate with many metal ions. They 
may be precipi ta ted from the fil tered culture medium at 
pH 8-10 in the presence of a divalent cation, as  the 
calcium or magnesium salts, or at  pH 1-15 as the chelate 
compound with ferric ion. Calvin et al. ( 1 9 45 )  reported 
that perhaps the most important sites for chelation lie 
along the system marked by atoms l through 7 which consists 
of two 1 , 3  diketones with two of the keto groups in the 
enol form . 
Regna et al. (1 951 ) reported that oxytetracycline 
forms mixed salts with a number of pairs of divalent ions 
such as Ba++ and Ca++ or Ca++ and Mg++. The sa l ts are in­
soluble at  pH 8. 5 to 9. 5 and use was mad e of this property 
in the precipitation of the drug from fermentation broths . 
-
2 0  
Albert (1953, 1 95 6) in his studies observed the formation 
of drug-metal complexes of 1: 1 and, as the pH is in­
creased, of 2: 1 .  The cations tested (in order of de­
creasing stability) were: Fe+++, Al+++, Cu++, Ni++, Fe++, 
Co++, Zn++, and Mn++. Unfortunately Ca++ was not included 
in his studies. It was noted that the stability constants 
of both tetracyclines are similar. He also noted that the 
order of affinity for the metallic ions is similar to that 
shown by the common amino acids with one important ex­
ception. Fe++ is bound more strongly with the amino acids 
while tetracyclines show a greater preference for the 
Fe+++. 
Albert (1 95 3) noted �hat Fe+++, Fe++ complexes have 
a red color, Cu++ and Ni++ green, and Al+++, Co++, Zn t+, 
and Mn++ yellow. However, Jxford (1953) was not able to 
obtain colored complexes with Zn++ and Mn++, while accord­
ing to his test method, Ca++ and Co++ had the greatest 
affinity for the antibiotic. 
Effect of Tetracycline-Metal Complex on En zyme Systems 
The first suggestion that the action of tetracyclines 
might be related to metal binding came from Van Meter et 
al. (19 5 2 ) ,  who noted that chlortetracycline inhibition of  
oxygen consumption in aged mitochondria was reversed by 
Mg++. It is bel�eved that the effect of aging mitochondria 
, 
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is to release endogenous magnesium from the centers of 
enzyme activity into the suspending med ium . This would 
account for the fact that chlortetracycline is often in­
effective in reducing the oxygen uptake when fresh mito­
chondria is used . Thus if the Mg++ concentration of the 
active centers is low (aged mitochondria) , the addition 
of aureomycin is expected to reduce the oxygen uptake by 
holding the remaining magnesium in an inactive complex 
(Van Meter and Oleson, 1951; Van Meter et al. , 1952) . 
Brody et al . (195 4 )  reported that the uncoupling action of 
all three tetracyclines is prevented if sufficient Mg++ 
is included in the medium . 
Bernheim (1 95 4a) found that chlortetracycline and 
exytetracycline inhibt the formation of a benzoic acid 
oxidase system in �seudomon��  aeruginosa. This inhibition 
was found to be reversed by the addition of Fe+ +  or Mn++ 
(Bernheim, 1954b) . 
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Saz and Slei (1953, 1954a, b) in a series o f  studies ob­
served that chlortetracycline and oxytetracycline inhibited 
the reduction of the nitro groups, of a cell-free enzyme 
system, to the corresponding arylamines. This inhibition 
was reversed by manganese. They also reported that after 
purificat ion, the enzyme was found to be a pyridine nucleo­
tide linked, loosely dissociable flavin mononucleotide­
containing flavoprotein with a requirement for Mn++ . 
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Rokos et al . ( 19 58, 1959) reported that bivalent 
cations were necessary for the inhibition of hydrolases 
by chlortetracycline . 
Weinberg and Tolzmann ( 195 5) speculated that since 
the tetracyclines combine with ca++, it could be possible 
that appropriate concentrations of the tetracyclines might 
inhibit the coagulation of blood, thus interfering with 
the heart activity. 
Braude et al. ( 195 3) have indeed found that oxy-
and chlortetracycline are excellent anticoagulants, but 
ca++ is able to reverse this action if the drugs are pre­
sent in concentrations less than 10-4 M .  
Swain et al. ( 195 6 )  reported that the heart failure 
of isolated dog heart-lung preparations produced by large 
quantities of tetracyclines could be reversed by an equi­
molar concentration of ca++ . 
Effect of Tetracycline-Metal Co�plex on the G rowth o f  
Microbes 
Weinberg (1954a, b, 19 5 Sa, b) in a series of papers , 
presented the results of his tests to determine the in­
fluence of inorganic salts and chelating agents on the 
ability of the tetracyclines to inhibit m icrobial growth . 
From these tests he concluded that in general the anti­
microbial action of the tetracyclines is unaffected by the 
majority of the inorganic salts and chelating agents . 
, 
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However , he found that multivalent cations, like Fe++, 
Mg++, Mn++, Ca++ and Al+++, were able to supress the in­
hibitory action o f  tetracyclines against some micro­
organisms. This suppresion depended upon the genus of the 
microorganism and the medium used. For example, he re­
ported that with strains of Escherichia and Bacillus, Fe++ 
is very active in complex media, but inactive in a synthe­
tic medium. Because of this observation, he went on to 
say that this might be a reflection of the alternate meta­
bolic pathways used by cells in different nutritive environ­
ments o 
To further prove this dependence of tetracycline to 
suppress microbial growth, Weinberg (19 5 4a, 195 5a, b , ) con­
ducted qualitative tests . Filter paper discs soaked in 
0.1 per cent solutions of s lts of different cations were 
placed on inoculated drug-containing media. Depending on 
the organism, the cation involved, the medium, and the 
tetracycline involved, the minimum inhibitory concentra­
tions of the drug were increased from two to thirty times 
in areas around active ion discs as compared to controls . 
Soncin {1953 } {cited by Weinberg 195 5) and Weinberg 
(195 5) conducted a few studies where the addition of  Mg++ 
to the drug-microbe was delayed from one to eight hours . 
Under these conditions, Mg++ was still capable of sup­
pre ssing the antimicrobial activity. They also reported 
, 
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that when the cells were exposed to Mg++ for one to  two 
hours prior to addition of the tetracyclines, a lower con­
centration of Mg++ was required to suppress the drugs. 
Mechanism of Action of the Tetracyclines as Explained 
by Chelation 
It is evident from the above discussions that most of 
the activities of the tetracyclines (inhibition of micro­
bial growth, inhibition of enzyme systems) are strongly 
affected by the metallic ions or other metal binding sub­
stances. 
Many hypotheses have been offered over the years to 
explain the suppression of antimicrobial and other inhibi­
tory activities of the tetracyclines by such ions as Fe++ , 
Mg++ and Ca++. Of these, three are the most prevalent. 
The firs t  hypothesis is that the tetracyclines func­
tion by chelating or binding certain ions that are essen­
tial for specific functions. To support this hypothesis 
are the findings of Braude et al. (1953) that it is 
possible to prevent coagulation of the blood by chelation 
of the calcium with the use of very high levels of terra­
mycin. Brody et al. (1954) have demonstrated that fatty 
acid oxidation by the liver mitochondria  can be inhibited 
by oxytetracycline and chlortetracy �line. However , 
additions of  Mg++ reverses that inhibition by those tetra­
cyclines. Their explanation of  that reversal is that the 
-
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the tetracyclines chelate with Mg++ (when present at 
normal concentrations) thus depriving the system from an 
essential element. However, when the Mg++ concentration 
is high, the chelating ability of the antibiotic is over­
whelmed. Van Meter et al. (19 5 2) have also offered the 
same explanation to the reversal by excess magnesium of 
the inhibition of the oxidative phosphorylation in animal 
tissue by chlortetracycline. 
On the other hand, work by Price et al. (1 9 5 7b) showed 
that extremely high molar ratios of cation to antibiotics 
are required to obtain a significant decrease in anti­
biotic activity, which makes this hypothesis a little 
doubtful .  
The second hypothesis is that cation-antibiotic com­
plexes formed on or in the cell might render the anti­
biotic non-toxic (Weinberg, 19 5 5c) . However, Hunter and 
Lowry (19 5 6) suggested that the possibility also exists 
that tetracyclines may act by combining with a metallic 
ion bound to the enzyme and the actual toxic entity is 
the drug-metal complex . As far as the excess quantity 
of metallic ion required to inhibit that toxicity, they 
offer the explanation that the drug-metal complex has 
a much greater affinity for the enzyme than does the non­
chelated metal. 
The third hypothesis is that of the preferential 
, 
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adsorption of metallic cations by the bacterial cell. This 
hypothesis was adopted by Soncin (1953) to explain the 
magnesium interference with oxytetracycline and chlortetra­
cycline. He also suggested that ions might also displace 
the antibiotic that has already reached its site of action . 
As it was mentioned above, both Soncin (1953 } and Weinberg 
(1955) observed that the reversal of antibiotic activity 
could be accomplished by addition of magnesium as late as 
two hours after exposure of the bacterial cells to anti­
biotic . 
Price et al . (1957a) in a series of experiments noted 
that when sufficient calcium or magnesium was added, 
oxytetracycline activity could be reversed even after 
prolonged exposure of cells to antibiotic. They then con­
cluded that the antibiotic �ttaches itself at the surface 
of the bacterial cell. Further support was given to this 
hypothesis by the finding that delayed addition of sodium 
citrate or potassium oxalate also reversed the antibiotic 
inhibition . 
The same workers (Price et al. l957b) in ano ther 
experiment observed that while Ca suppressed the uptake of 
Oxytetracycline by the cells, its uptake was not influenced. 
This also supports the hypothesis that cations inter­
fere with the antibiotic as a result of their preferential 
adsorption on the cell surface . 
, 
Mccalla (1940) demonstrated that bacterial cells do 
adsorb cations such as calcium . In 1941, the same worker 
in experiments with methylene blue, showed that one ion 
can be displaced from a bacterial cell surface by another. 
The replacing power of the cations studied is: 
Na NH4 K Mg Ca Ba Mn Al Fe. 
Based on these observations, Price et al . (1957b) 
suggested that it is possible that tetracyclines (ampho­
teric by nature) may act as cations that are replaced by 
these positively charged ions. The degree of cationic 
inhibition for a given antibiotic should be proportional 
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to its basicity. Data of one of the experiments of Price 
et al. (1957b) substantiated this observation. Highly basic 
antibiotics, such as neomycin and polymyxin B, were found 
to be markedly inhibited b� divalent cations. In contrast 
to that, acidic or neutral antibiotics such as penicillin 
or chloramphenicol are highly res istant to divalent cation 
interference . 
Potentiation 
As it was mentioned in the introduction, po tentiation 
is a relatively new term in animal research and means to 
make more active or powerful. Most of the research in the 
field of po tentiation of antibiotics has been done with 
chickens, rats and humans. 
To evaluate the potentiating effect of the different 
procedures used, many criteria have been employed by 
different workers. Among them the following are included: 
1 .  Determination of effect of potentiation on the 
minimum inhibitory concentrations of antibiotic 
in nutrient broth . 
2. Reversal of antibiotic inactivation following 
exposure of antibiotic to specific divalent 
cations . 
3 .  Comparative and preferential antibiotic and 
calcium uptake by washed cell suspensions. 
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4 .  Blood levels following feeding trials (continuous 
feeding ) . 
5. Blood levels following feeding trials (slug 
feeding) . 
6. Duodenal loop method--blood antibiotic concen­
tration. 
7. Duodenal loop method--liver antibiotic concen­
tration . 
8 .  Duodenal loop method--urine antibiotic concen­
tration . 
9. Disease challenge trials. 
10. Tissue residue levels. 
The disease challenge method--probably the most im­
portant one for measuring potentiation of antibiotics--has 
shown that there is a definite positive correlation be­
tween improved d isease control and increased blood levels 
of antibiotics . 
This is probably the reason that most of the workers 
have adapted the method of measuring blood levels of anti­
biotics following feeding as a means of evaluating their 
potentiation . 
From a practical standpoint of view, calcium is the 
only element which represents an important inhibitor in 
feeds, and since this mineral is present in relatively 
high levels in practically all feeds in order to meet 
the animal 's requirement , most of the research on poten­
tiation is cente�ed around this element . 
There are two ways to reverse the inhibition of anti­
biotics due to calcium. The first one is to reduce the 
calcium and the second to use calcium complexing sub­
stances such as chelating agents and certain acids and 
salts . 
Price and Zolli (1959 ) using citric acid and Koj ic 
acid as possible potentiators found that under low cal­
cium conditions citric acid had rather limited effective­
ness (at 0. 4 and 0. 8 mM concentrations) whether the 
criterion was serum level, liver level or urine level of 
oxytetracyc line e 
However, in the pre sence of calcium, addition of 
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citric acid at a 0. 4 rnM concentration, partially neutra­
lized the deleterious effect of calcium, while at a 0 . 8 
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mM concentration i t  completely counteracted it. They con­
cluded that although there are certain limitations of 
citric acid feeding, it is still a desirable potentiator 
when divalent cations act as inhibitors. Kojic acid, on 
the other hand, had no apparent potentiating effect of 
terramycin, under either normal or high calcium conditions � 
Two other compounds that have been studied very ex­
tensively are glucosamine and Terephthalic acid ( TPA) e 
Unlike the other potentiators which have their effect by 
chelating calcium, TPA decreases the urinary secretion 
of the antibiotics. 
Luther (1960), working with chickens, studied the 
potentiating effects of bot� glucosamine and Terephthalic 
acid. He reported that in the absence of added calcium, 
TPA increased absorption of terramycin in the blood by 
34% while glucosamine increased absorption only 11 per cent . 
However, under high calcium conditions, glucosamine im­
proved absorption by 44% indicating that glucosamine is a 
good potentiator in the presence of added calcium. When 
TPA and glucos amine were added together in the diet, TPA 
further increased the oxytetracycline blood levels by 39% 
over the 44% increase due to glucosamine. 
Eng lish (1 9 5 8) in his studie s with purebred Beagle 
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dogs, found that D-glucosamine hydrochloride enhanced the 
serum levels of tetracycline from 76% at one hour to 34 % 
at seven hours over those obtained after oral administratio� 
of tetracycline hydrochloride . Snell and Garkusha (1958) 
employing labeled c1 4  oxytetracycline and measuring it 
with liqu id scintillation counting, reported that gluco­
samine HCl enhances the serum levels of oxytetracycline in 
Beagle dogs and strain A mice between O and 2 4  hours. 
Method of  administration in these studies was by stomach 
tube feeding. 
Luther ( 1960) in a complex type of experiment used 
oxy- and chlortetracycline from 100 to 1000 g/ton with 
low ( 0. 1 8% ) ,  normal (1. 2%) , ar.d high levels ( 2 . 25%) of 
calcium, normal (0. 7%) , and high levels (4. 87%)  of phos­
phorous and all these diets with and without 0. 35% TPA. 
He reported that: 
a )  Terramycin gave a 0. 112 and chlortetracycline 
a 0. 054 mg/ml increase in blood antibio tic 
level for each additional 100 g/ton of anti­
biotic fed o Those increases represented a 
3 9% increase for terramycin and 52% for 
chlo�tetracycline o 
b )  In the absence of TPA , calcium reduction gave 
an average 1 . 89 times greater actual increase 
in blood oxytetracycline compared to 
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chlortetracycline, but only 48% of the enhance­
ment of chlortetracycline based on percentage 
increase value. When TPA was added to the 
reduced calcium diets, the figures were 2 . 18 
times increase of oxytetracycline over chlor­
tetracycline in actual blood values, but  only 
64 % of the enhancement of chlortetracycline based 
on percentage increase . 
c) The response to TPA, although somewhat less for 
both antibiotics than the response to reduced 
ca lcium , is additive to that of reduced calcium . 
d) Increased level of phosphorous gave a 0 . 613 
mcg/ml (110 % } increase for oxytetracycline and 
0.165 mcg/ml (80% ) increase for chlortetracycline . 
Cover et al. (1959) conducted a series of experiments 
to s tudy the potentiating effect of TPA and low dietary 
calcium on the tetracyclines using the challenge disease 
method. They reported that both TPA and reduced dietary 
calcium increased the amount of antibiotic which is 
present in the serum. Propor tionally there was a two-fold 
increase in the clinical activity of both oxy- and chlor­
tetracycline against the disease infectious synovitis in 
chicken . The mortality rate when 100 grams per ton of 
antibiotic was used with potentiation was similar to that 
when 200 grams were fed without the potentiation . The 
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conclusion of their study was that in treating diseases 
which have antibiotic sensitivity similar to that of in­
fectious synovitis , use of either low calcium diets or TPA 
over a short period of treatnent will reduce by about half 
the feed level of antibiotic necessary to produce the bene­
ficial clinical result. These results are in very close 
agreement with those obtained by Price and Zolli ( 1 95 9) . 
Dor sey and Harshfield (1 95 9) in disease-challenge 
trials (fowl cholera in chicken) showed that chlortetra­
cycline at 1 , 000 g/ton of feed and oxytetracycline at 500 
g/ton feed , gave the same protection , reducing mortality 
from over 80% to less than 10%. Price and Zolli (cited by 
Luther 1960) conducted a potentiating study with chickens 
infected with fowl cholera. Terramycin at 200 and 400 
g/ton of feed was included ; n  normal (1. 26 %)  and low 
(0 .165%) calcium diets. They reported that a decreased 
calcium intake for five days almost doubled the efficacy 
of oxytetracycline . 
Work by Stokstad et al. (195 9 ) and Pensack et al . 
(1 95 9) indicated that not all calcium salts have the same 
inhibitory effect on broad-spectrum antibiotics. Their 
data suggests that it is possible to feed these less in­
hibitory forms of calcium in the diet , thereby meeting the 
animal's requirement without depressing the antibiotic 
blood level. 
S�okstad et al. (1959) and Donovan et al. (1960) reported 
that the less soluble calcium salts would give a smaller 
calcium ion concentration and a slower release at the 
anterior portion of the intestinal track where antibiotic 
absorption is maximal. 
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Among those calcium sources with less inhibitory 
effect on the antibiotics is calcium s11l fate which has been 
reported by Tyler and Wilcox (1942) and Heywang ( 194 6) to 
be less available to the chicken. Watts and Miner ( 195 9 )  
reported that in colloidal (soft) phosphate, one of the 
materials showing potentiation of antibiotics in feeds , 
both calcium and phosphorous are showing reduced avail­
ability to the animal. 
Work at Pfizer & Co. , Inc. (Luther, 1960) showed that 
at the 0. 16 % calcium level, the availability of  oxytetra­
cycline ( measured in blood) was 10 0%  when calcium was 
supplied in the form of either carbonate or sulfate. How-­
ever, at the 2. 15 % calcium level, the availability of oxy­
tetracycline was 37 % in the presence of calcium carbonate 
and 88 % with calcium sulfate. 
Camp ( 1960 ) investigating the use of colloidal phos­
phate as a means for enhancing antibiotic levels found that 
replacement of one-third of the dicalcium phosphate with 
soft phosphate resulted in a 64 % potentiation. A two� 
thirds replacement gave a 96% enhancement . 
-
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Kaplan et al. ( 1 95 7) conducted a study with 188 patients 
using tetracycline hydrochloride and a complex of tetra­
cycline and sodium hexametaphosphate. He reported that 
absorption with tetracycline phosphate complex is about 
twice as efficient as that obtained with tetracycline 
hydrochloride. Welch et al. ( 1 957a) in a triple crossover 
experiment with 90  human subjects, found that tetra­
cycline phosphate complex and a mixture of tetracycline 
base and sodium metaphosphate are equally effective in 
increasing tetracycline blood levels compared to tetra­
cycline base. 
Welch et al . ( 1 975b )  using 30 volunteer human sub­
jects, observed that tetracycline base plus sodium meta­
phosphate produced markedly higher blood concentrations 
than either tetracycline base or tetracycline hydrochloride. 
The same workers ( 1 957c) in a quadruple crossover experi­
ment with 20 human subjects , showed very conclusively that 
both chlortetracycline hydrochloride and chlortetracycline 
ba se, when mixed with sodium hexametaphosphate, produced 
higher serum concentrations than those obtained without 
the hexarnetaphosphate. 
Dearborn et al. (1957 ) carried out a factorial experi­
ment with rats to study the effects of citric acid, di­
calc ium phosphate, socium metaphos�hate, food, oil and 
sorbital on the serum activity of tetracycline hydrochloride 
or tetracycline base. They reported that citric acid, 
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when given in equal weight with tetracycline hydrochloride, 
gave the highest concentrations in the experiment. Di­
calcium phosphate and food resulted in lower and sodium 
metaphosphate in higher serum activity than was observed 
in their abs ence. These results are in full agreement 
with those obtained by Sweeney et al. (1957) . 
In a triple cros sover study with 15 human sub j ects, 
Welch et al. (1957d) reported that while citric acid when 
mixed with oxytetracycline hydrochloride increased blood 
concentration of oxytetracycline, sodium metaphospha�e 
decreased it. 
Eggert and Elliott ( 1959) conducted a series of ex­
periments to determine if the results obtained with poultry 
would apply to swine. The first experiment used weanling 
pigs in a total of nine treatments. The first diet was a 
low (0. 06%) calcium, low (0.33%) phosphorus d iet, and the 
other two were supplemented with either dicalcium phosphate 
and ground limestone or calcium sulfate and liquid phos­
phoric acid to contain 0. 70 per cent tota l calcium and 
0. 51 per cent phosphorus. Each of these diets was given 
with or without either 0 . 5 pGr cent TPA or 0. 6 per cent 
tetrasodium ethylene diamine tetraacetate (EDTA) . All 
diets contained 200 mg/Kg. of chlortetracycline. Their 
find ings from this experiment were that both EDTA and TPA 
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were effective in increas ing blood levels of chlor tetra­
cycline. They also found that calcium sulfate and phos­
phoric acid gave somewhat better result s than the combin­
ation of calcium carbona te and TPA, but not as good as  the 
low calcium diet. 
In a similar type of experiment with baby pigs , they 
confirmed the findings of the previous experiment. Low 
calc ium diets a.s well a s  diets supplemented with calcium 
sulfate gave values of blood ch lortetracycline which were 
80 per cent greater than when calcium carbona te was used 
in diets .  Thi s inc:cecse was comparable to that obtained 
when 0. 5 per cent TPA was added in the diets. Looking at 
the bone ash , they reported that , as expected , lcw cal­
cium rations definitely interfere with bone formation. On 
tr� o ther hand , there were no differenc8 s betwaen calcium 
carbonate and calcium sulfate ,  indicating that calcium 
from calcium sul fate is available for bone formation o 
They observed that none of the treatments had any signi fi­
cant effect on serum calcium levels . 
The results obtained from two experiments  with grow·­
ing-f inishing swine were in accordance with tho se obtained 
from previous experiments wi th :young pigs. There was an 
increased serum level of antibiotic with increasing levels 
of  chlortetracycline, an addi�ional boost from adding TPA 
and also  an advantage of those rations in which calcium 
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sulfate was substituted for calcium carbonate. An inter­
esting observation in one of their experiments, where the 
basal diet contained 0. 3 per cent total calcium before 
supplementation, was that there was only a slight advantage 
with rations containing calcium sulfate compared with the 
calcium carbonate rations. Based on results obtained from 
previous experiments where total calcium of basal diets 
were less than 0.1 per cent before supplementation, they 
concluded that, for optimum potentiation of aureomycin 
in the blood serums through the substitution of calcium 
sulfate for calcium carbonate in pig rations, the calcium 
content of the basal ration must be lower than 0. 1 per 
cent . 
Workers at the American Cyanamid Company (1964)  pro­
posed another more efficient way to potentiate chlortetra­
cycline by the use of sodium sulfate. This chemical com­
Pound will theoretically tie up calcium, allowing more 
chlortetracycline to be absorbed in the duodenum which 
Probably is the principal site of absorption of chlorte­
tracycline. The reason that addition of sodium sulfate is 
more efficient is because there is no need for reformula­
tion of the diet . 
A series of experiments were conducted with chickens 
to study the e fficacy of using sodium sul fate. The results 
of these experiments are summarized as follows : 
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1. Addition of sodium sulfate to a feed containing 
calcium ca rbona te (1.0% total ca lcium) increased 
the b lood levels of chlortetracycline to the 
same extent as did substituting an equivalent 
amount of calcium sulfate for calcium carbonate 
in the ration. 
2 .  Addition of sodium sulfate to the rations per­
mitted better absorption of chlortetracycline 
regardless of the source of phosphorus. 
3. Addition of sodium sulfate to a low calcium 
feed increased the blood level of chlortetra­
cycline by 33 per cent. 
4. Sodium sulfate improved absorption of chlortetra­
cycline to a greater extent than did equivalent 
quantities of sulf�te ions from calcium sulfate. 
MATERIALS AND METHODS 
Three experiments were conducted over a period of two 
years to study the effec t of different diets on the poten­
tiation of chlortetracycline. 
Experiment 1. The objective of this experiment was to 
study the ef fect of level and source of calcium on per­
formance of growing pigs fed a conventional (corn plus 
soybean meal) type of diet with and without chlortetra­
cycline. One hundred and twenty eight crossbred pigs of 
an average weight of 32. 0 kg. were randomly allotted to 
eight treatments, each treatment replicated four times in a 
2x2x2 factorial experiment. Four pigs were assigned to 
each pen and an attempt was made to allot equal numbers of 
barrows and gil ts to each group. However, because of a 
shortage of barrows, three gilts and one barrow were 
assigned to each treatment in replications three and four. 
The pigs were housed in an environmentally-controlled 
confinement building and had access to feed and water ad 
libitum. Records were kept on the weekly weights of each 
pig and feed was weighed back every two weeks to obtain 
feed consumption data. All diets were calculated to have 
a 1 : 1  ratio of calcium to phosphorus and to contain 1 4 %  
crude protein . 
The composition of the diets used is shown in Table 2. 
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TABLE 2. COMPOSITION OF DIETS (PERCENT) . EXPERIMENT 1 
Ingredient 
Ground corn 




Trace mineral salt ( . 8 %  Zm) 
Premixb 
Calculated minerals ( %) 
Calcium 
Phosphorus 
Ca : P  ratio 
8 4 . 2  
13 . 4  
1 . 6 
0 . 2  
0. 4 
0 . 2  
0 . 4  
0 . 4 
1 :1 
85. 1  
13 . 2  
0 . 9 
0. 2 
0 . 4  
0. 2 
0. 4 
0 . 4  
1 : 1 
81. 4 
13 . 9  
2 . 9 
1 . 2  
0 . 4  
0 . 2 
C . 6 7 
0 . 6 7  
1 : 1 
a. Premix with chlortetracycline (50 g/ton) . 
b. Supply per kg. of diet : Vitamin A, 3, 30 7  IU : 
83 . 0  
13 . 6  
1 . 6  
1 . 2  
0. 4 
0 . 2 
0 . 6 7 
0. 6 7  
1:1 
Vitamin D, 331 IU; Vitamin E, 5. 5 IU; Vitamin K, 
2 . 2  mg; Riboflavin, 2. 7 6  mg; Pantothenic acid, 
11. 0 mg; Niacin, 17. 6  mg; choline, 110 . 0  mg; 
Vitamin B12 , 110. 0 mcg. 
42 
Diets 1 through 4 were calculated to contain 0. 40 percent 
calcium and 0 . 40 percent phosphorus, while diets 5 through 
8 were calculated to contain 0. 67 percent calcium and 0. 67 
percent phosphorus. In diets 1, 2, 5 and 6 supplemental 
calcium was supplied by calcium sulfate and in 3, 4, 7 and 
8 by calcium carbonate. All diets were supplemented with 
monosodium phosphate to supply the required phosphorus . 
The experiment was conducted for six weeks. 
Experiment 2. The obj ective of this experiment was 
the quantitative measurement of chlortetracycline and 
calcium in blood serum as well as growth performance of 
growing pigs fed different levels of calcium • •  
Ninety six pigs of an average weight of 2 1 . 2 kg. were 
utilized for this experiment. They were allotted accord­
ing to weight and sex to six treatments of four pigs per 
treatment with each treatment replicated four times. Four 
pigs (two barrows and two gilts) were allotted to each pen 
and housed in an environmentally-controlled building. All 
pigs were fed and watered ad libitum. 
The experiment consisted of two periods of four and 
two weeks for periods one and two respectively . During the 
first period the six treatments consisted of diets contain­
ing 0. 3, 0. 7, and 1. 1 percent calcium with and without 
chlortetracycline (100  g/ton) . The calcium to phosphorus 
ratio ranged from 1 : 1. 2  to 1. 2 : 1 with the supplerrental. 
phosphorus supplied by monosodium phosphate . At the end 
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of the first period all pigs were changed to a low (0 . 3  
percent) calcium diet for the second period . Pigs treated 
with chlortetracycline in the first period continued to 
receive the antibiotic but at a level of 200 g/ton . For 
both periods the conventional (corn plus soybean meal) type 
diet, shown in Table 3,  was employed to provide a 1 6  per­
cent crude protein diet . 
The animals were weighed weekly for the first two 
weeks, at the end of the first period and again at the end 
of the second period . Feed was weighed back twice during 
the first period and at the end of the second period to 
obtain feed consumption data . 
Blood was drawn from all pigs from the j ugular vein at 
th� beginning of the experiment, at the end of the first 
period, and at the end of the second period . 
Experiment 3 .  The primary objective of this experi­
ment was to study the potentiation of chlortetracycline . 
For this purpose, 104 pigs of an average weight of 21 kg . 
were allotted according to weight and sex to thirteen 
treatments, each treatment replicated twice . 
· (two of each sex) were included in each pen. 
Four pigs 
The pigs 
were housed ·in an environmentally-controlled building and 
had access to feed and water at all times . 
After the allotme�t, all pigs were allowed to become 
TABLE 3. COMPOSITION OF DIETS (PERCENT) . EXPERIMENT 2. 
Ingredient 
Ground corn 




7 9 . 3  
1 8 . 5  
0. 6 
Trace mineral salt (1% Zm) 0. 4 
Premixb 1. 2 
Diet 
3� 
Calcium Level % 
0 . 7  
79 . 5  
19. 0 
1 . 6  
1 . 3  
0 . 4 
1 . 2 
1 . 1  
74 . 3  
1 9 . 4  
2 . 6  
2 . 1 
0 . 4  
1 . 2  
4 4  
a .  Diets with chlortetracycline (100 g/ton) for the 
f irst period and 200 g/ton for the second. 
b .  See Table 2. 
c .  Pigs on diets 3 and 5 were changed to diet 1 
and those on diets 4 and 6 to die t 2 for the 
second period • 
...... 
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accustomed to their respective diets for three days . At 
the end of the third day they were fasted overnight and 
then given access to their diets the next morning for a 
period of approximately five hours. At that time twenty 
cubic centimeters of blood was drawn from the jugular vein 
of each pig. Blood was also obtained from each pig 14 . days 
after the initiation of the experiment . 
The diets, the composition of which is shown in 
Table 4, included two control diets--with and without 
chlortetracycline--three diets with increasing levels of 
sodium sulfate, a low calcium diet, two high calcium 
diets--with and without sodium sulfate--two high phosphorus 
diets, and three diets with increasing l� vels of calcium 
sulfate. All diets contained a 16 percent crude protein . 
This experiment was terminated after a period of ten 
weeks during which period all animals were weighed every 
two weeks . 
Analytical Procedures 
Upon collection, blooa samples were placed in plastic 
centrifuge tubes and irr.m.ediately placed in an ice chest 
filled with ice. Upon arri val at the lab , the centrifuge 
tubes were placed in a refrigerator overnight to allow 
enough time for clotting and shrinkage of the clot. The 
next day the blood was cen tri fuged and the sermn collected 
'!'ABLE 4 .  COMPOSITION OF D!ETS (PERCENT ) . EXPERIMENT 3 
Ingred i ent 1 2 3 4 5 
Corn 7 5 . 6  · 7 5 . 1 7 4 . 3 7 3 . 4  7 8 . 2  
Soyocan tnca l 19 . 2  19 . 3  1 9 . 4  19 . 6  18 . 7  
( 4 8 !?. C . P . )  
Calc ium carbonate 1 . 9  1 .  9 1 . 9  1 .  9 0 . 7  
Z�onosor1 i. um phosphate I) . 9 0 . 9  0 . 9  0 . 9  ---
Scd i um S t; l fale --- 0 . 3 55  1 . 0 7 1 .  7 7 5  ---
Ca l d  um s u l fate --- --- --- --- ---
Trace mineral salt 0 . 4  0 . 4  0 . 4  0 . 4 0 . 4  
( 1  !', Zm)  
F.rcm.i xb 2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  
Ca lcu l ated ana lys i s  ( % )  
Calc ium 0 . 8  0 . 8  0 . 8 0 . 8 0 . 3 5 
Phosphorus 0 . 6  0 . 6  0 . 6  0 . 6 0 . 3 7 
Soci i nm 0 . 2 3 0 . 3 5 0 . 5 8 0 . 8 1 ----
Sul fates 0 . 2 4 0 . 7 3 1 . 2 1 ----
Protein  1 6 . 0 0 1 6 . 0 0  16 . 0 0  1 6 . 0 0  16 . 0 0 
acontrol diet without chlortetracycline 
bSee Table 2 �  
DIET NO . ----
6 7 8 9 
7 3 . 0  7 0 . S  7 2 .  8 7 0 . 0  
19 . 7  2 0 . 1  19 . 7  2 0 . 2  
2 . 9  2 . 9  1 . 9  1 . 9  
2 . 0  2 . 0  3 . 2  s . s  --- 2 . 1 3 --- --- --- ---
0 . 4  0 . 4  0 . 4  0 . 4  
2 . 0  2 . 0  2 . 0  2 . 0  
1 . 2  1 .  2 0 . 8  0 . 8  
0 . 9  0 . 9  1 . 2  1 . 8 
0 . 6 4 1 . 3  0 . 6 9 1 . 0 4 
1 . 4 5 --- ---
1 6 . 00 16 . 0 0 1 6 . 0 0 16 . 0 0 
10  1 1  
7 5 . 3  7 4 . S  
1 9 . 2  1 9 . 4  
1 . 5  0 . 7 5 
0 . 9  0 . 9 0 
0 . 7  2 . 0 5 
0 . 4  0 . 4 
2 . 0  2 . 0 
0 . 8  0 . 8 
0 . 6  0 . 6  
0 . 2 3 0 . 2 3 
0 . 3 9 1 . 1 5  
1 6 . 0 0 1 6 . 0 0 
.. 
1 2  
7 3 . 8  
1 9 . 5  
----
0 . 9  
3 .  4 3  
0 . 4  
2 . 0  
0 . 8  
0 . 6  
0 . 2 3 
1 . 9 2 
1 6 . 0 0 
1 3a 
7 5 . 6  
19 . 2  
1 . 9  
0 . 9  
0 . 4  
2 . 0 
0 . 8  
0 . 6  
0 . 2 3 
1 6 . 0 0 
� °' 
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in plastic analyzer cups which were placed in a freezer at 
-5 C until analyzed . 
Blood Calcium Analysis 
The serum was diluted with 0 .5% lanthanun solution 
1 : 10 to prevent interference of phosphorus . Duplicate 
samples were thoroughly mixed, and along with a standard 
and a blank, were analyzed for calcium using the Perkin­
Elmer 303 Atomic Absorption Spectrophotometer. 
Blood Chlortetracycline Ana lysis 
Microbiological Assay--Cylinder Plate Method : 
This method is one of the most accurate for detecting 
antibiotics in biological fluids and feeds. It is based 
on the principle that when a cylinder filled with an anti­
biotic containing solution is placed on the surface of 
solidified agar which has previously been inoculated with 
an organism sensitive to a given antibiotic, the anti­
biotic will : 1) dif£use from the cylinder, 2) inhibit the 
growth of the test organism, and 3) form a circular zone 
of inhib ition the diameter of which is directly propor­
tional to the concentration of the antibiotic in the 
cylinder. 
The method as described by Grove and Randall (1955) 
was used in these studies to determine the concentration 
of chlortetracycline in the blood seru,.�. 
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Preparation o f  the test organism. The test organism 
used throughout the analysis was Bacil lus cereus var. 
mycoides (ATCC 11778) obtained from the American Type 
Culture Collection. The organism was grown at a temper­
ature of 30 C and stored under refrigeration. A suspen­
sion of the organism was prepared as , follows: An agar 
slant of antibiotic medium No. 1 was streaked heavily 
with the test organism and incubated for 24 hours at 30 C. 
The growth was washed off with 5 ml. of sterile distilled 
water onto the surface of a Roux bottle containing 300 ml. 
of agar medium No. 1, and the suspension was spread over 
the entire agar surface with the aid of sterile glass 
beads and incubated for one week at 30 C. After incuba-
ting, the growth was washed from the agar surface with 30 
ml. of sterile distilled water into a glass stoppered 
flask and the suspension was heat shocked for 30 minutes 
at 65 C. Following the heat shock, the suspension was 
washed three times with sterile distilled water, centri­
fuged between each washing, and heat shocked again as 
before. This suspension then was maintained under 
refrigeration and used as the stock spore suspension for 
all assay work. 
To determine the spore suspension needed to give a 
sensitivity to chlortetracycline of 0. 0 0 5  g/ml. r a pre­
liminary study was performed with concentrations of 0. 1 ,  
0. 2, and 0 . 4 % .  Although they all gave the same results, 
the 0 . 4 % concentration gave the clearest zone and was 
selected as the concentration to use in this study . 
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Preparation of plates. Flat bottom petri dishes with 
dimensions of 100 x 2 2mm were used in this analysis . Six 
milliliters of melted agar medium No. 8 was added to each 
petri dish, distributed evenly, covered and allowed to 
harden for 15 minutes . 
For the second layer , 10 0 ml . of agar medium No . 8 
was cooled to 55 C in an incubator and mixed well with 0. 4 
ml. of the spore suspension to give a concentration of 
0 . 4 %. Four milliliters of the seeded medium was added to 
the hardened first (base) layer , distributed evenly and 
allowed to harden for 15 minutes . 
After the inoculated layer was hardened, six cylinders 
were placed on the agar surface on a 2. 8 cm radius at 60 
degree intervals .  The cylinders used were stainless steel 
with an outside diameter of 8mm (± 0. 1mm) , an ins ide dia­
meter of 6mm (± 0. 1mm) , and a length of 1 0mm (± 0 . 1mm) . 
Working standard and standard curve. Ten milligrams 
of chlortetracycline hydrochloride, which was kept at 
room temperature in a tightl y  stoppered vial inside a 
desicator, were diluted wi th double distilled water to 
give a concentration of lmg/ml solution, which was diluted 
again with pho sphate buffer No. 4, pH 4 . 5 ,  to give a 
concentration of chlortetracycline of 3 . 2  rncg/ml . This 
solution was further diluted with a diluent containing one 
part of 3 . 5 percent bovine albumin plus two parts of phos­
phate buffer No . 4, pH 4 . 5 .  The bovine albumin was used 
as a 3.5 percent solution to equal the protein binding 
power of normal serum. 
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To prepare the standard curve , the 3 . 2  mcg/ml solution 
of chlortetracycline was diluted 1 : 1 0 with the bovine 
albumin-phosphate buffer solution (1+2) , to give a concen­
tration of 0. 32 mcg/ml . This solution was further diluted 
with the phosphate buffer-albumin solution by halves to 
obtain concentrations for the standard curve of 0 . 32, 0 . 16, 
0 . 0 8 ,  0 . 0 4 ,  0 . 0 2 ,  0 . 0 1 and J . 0 0 5 mcg/r.:il . 
Three plates for each concentration of the curve were 
used, except the O . C 4 mcg/mJ. , which as a reference was 
included in all  plates . On each plate, three cylinders 
were filled with the 0 . 0 4 rncg/ml concentration of chlorte­
tracycline and the other three with the concentration of 
the curve tested, alternating reference and concentration 
under test . Thus, there were 45 of the 0.0 4 mcg/ml read­
ings and 9 fQr each cf the concentrations of the standard 
curve . 
The plates were incubated for a period of 16-16 hours 
at 30 C, after which the diameter of each zone of inhibi­
tion was measured . The readings of the 0 .0 4  mcg/ml 
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concentration under test for each set of three plates 
were averaged . An average figure for all 45 readings of 
the 0. 04  mcg/ml concentration was obtained which was used 
as a correction point for the curve. If, for example , the 
average figure of all 45 readings was 12  mm and the aver­
age figure for the 0. 0 4  mcg/ml concentration for a given 
set of plates was 11 mm, then 1 mm was added to the dia­
meter of the zones of the concentration under test . 
The corrected values including the average of the 
4 5 readings of the 0 . 0 4 mcg/ml concentration were plotted 
on a two-cycle semilogarithmic paper, using the concentra­
tions in mcg/ml as the oro.inate (the logarithmic scale) 
and the diameter of  the zone of inhibition as the 
abscissa . 
Preparation of blood serum . The frozen serum was 
allowed to thaw and 0 . 5  ml was transferred into a plastic 
analyzer cup where it was mixed with 1. 0 ml of phosphate 
buffer No. 4 pH 4 . 5. This dilution is necessary because 
very small concentrations of tetracyclines in blood serum 
are inactive when added to assay plates (no zones of 
inhibition) but reveal activity when diluted . 
Assay of serum. Two plates were used for each blood 
serum sample to be tested . Two cylinders in each plate 
were filled with 0. 04 mcg/ml (reference) concentration, 
two were filled with the first serum under test, and two 
were filled with the second, alternating always standard 
with the serums . 
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All the plates were incubated for 1 6-18 hours at 30  C 
after which the diameter of the zones of inhibition were 
measured . These diameters were then corrected according 
to the reference point in each plate and the concentratio� 
of chlortetracycline in mg/ml for each serum sample ob­
tained from the standard curve. 
Data were analyzed statistically by least squares 
analysis of variance procedures available at the South 
Dakota State University Computer Center. A probability 
level of less than 0 . 05 was accepted as being significant . 
To separate treatment mean differences, Duncan's new 
multiple-range test and Dunnett's test, where applicable , 
were used to separate treatment mean differences. 
RESULTS AND DISCUSSION 
Experiment 1. A general summary of the overall feed 
and growth performance data of  this experiment is shown in 
Table 5 and average daily gains by two-week periods and on 
an accumulative basis are presented in Table 6. Statisti­
cal analysis of the data are shown in appendix Tables 1 ,  
2 and 3. Overall there were no significant differences 
among treatments in average daily gain, feed consumption 
or feed per gain. 
The effe�ts of dietary antibiotic, calcium source and 
calcium level are presented in Table 7. During the first 
two-week period pigs fed the antibiotic-supplemented diets 
gained about 1 2% faster when the calcium source was cal­
cium sulfate than when calcium carbonate was the source o f  
calcium. However, when the diets did not contain anti­
biotic, the pigs gained 3% faster (0. 69 vs. 0. 6 7  kg/day) 
w�en fed the diets containing calcium carbonate. This 
interaction between antibiotic and calcium source was 
statis tically significant (P <. 0S) and indicates a greater 
response to antibiotic, during the early growth phase, when 
calcium sulfate is used as a calcium source. Pigs receiv­
ing the antibiotic in their diets gained 0. 7 2  kg. daily 
which was faster (P <. o s) than the 0. 68 kg. per day o f  
pigs fed diets without antibiotic during the first two­
week period . 
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During the second period { 2-4 weeks) , pigs receiving 
the antibiotic diets gained significantly faster when the 
diets contained 0. 67% Ca derived from either calcium source, 
than when the diets contained 0. 4 %  Ca. Gains of pigs fed 
diets without antibiotic were similar at both calcium 
levels. With both sources of calcium daily gains of pigs 
were less when fed the low calcium {0. 4%) diets contain-
ing antibiotic than when these diets did not include anti­
biotic . 
In the third period, pigs on the calcium carbonate 
containing diet achieved gains which were significantly 
(P <. 01) better than the gains of pigs on a calcium sul­
fate containing diet { 0. 77 vs 0. 70 kg/day) . It is possible 
that increased feed consumption of sulfates by the pigs on 
the calcium sulfate diet c�used an adverse effect on 
growth rate for the last period . Gains o f  pigs on either 
calcium source and calcium level with antibiotic were 
similar to the gains of the pigs on the same diets without 
antibiotic . 
These findings are in agreement with those by Robin­
son et al. (1954) and Lucas (1955) . In their s tudies they 
both concluded that there is little benefit from anti­
biotics beyond the weight of 45 kilograms. 
Over the six-week period the only statistically 
significant difference obtained was between sexes (P<. 05)  
TABLE 5. GROWTH AND FEED PERFO�.ANCE DATA. EXPERIMENT 1 
Calcium source 
C aSO4 C aco 3 
Calcium level ( % )  0 . 4 0. 6 7  0. 4 0. 6 7  
Item Antibiotica + - + - + - + 
No. of P igs 16 1 6  1 6  1 6  1 6  1 6  1 6  1 6  
Avg. initial wt. ,  kg . 3 2. 3  3 2. 3  3 2 . 3  3 2 . 3  3 2 . 3  3 2 . 4  3 2 o 3  3 2 . 3  
Avg � final wt . , kg. 6 2. 7  6 1 . 8  6 3. 3  6 1 . 5  6 1 . 5  6 2 . 8  6 4 . 5  6 3 . 0  
Avg. daily gain, kg. 0. 7 3  0. 7 0  0. 7 4  0 . 6 9 0 . 7 0 0 . 7 2 0 . 7 7 0 . 7 3 
Avg. daily feed intake, kg. 2. 38 2. 3 7  2. 4 6  2. 35 2. 29 2. 34 2 . 50 2. 3 9  
Feed/gain 3. 2 6  3 . 3 7 3 . 3 4 3 . 39 3 . 2 7 3 . 2 4 3 . 2 6 3 . 2 7 




TABLE 6. AVERAGE DAI:LY GAINS (KG) PER PERIOD AND 
ACCUMULATIVE. EXPERIMENT 1. 
Calcium source 
Period Antibiotic CaSO4 CaCO3 
(weeks) Ca Level 0. 4 0. 67 0. 4 0. 67  
0 - 2 + 0.77 0.7 5 0. 67  0. 6 8  
0. 68  0.6 6  0.7 0 0. 6 7  
2 - 4 + 0.7 0 0.77 0 . 7 0 0.83 
0.73 0.73 0. 7 5  0.73 
4 - 6 + 0.7 0 0. 6 9  0.73 0.8 0  
0.7 0 0.6 9  0.73 0. 8 0  
0 - 4 + 0.73 0. 7 6  0. 6 8  0.7 5 
0.7 0 0. 6 9  0.7 2 0.7 0 
0 - 6 + 0.73 0. 7 4  0.7 0 0.77 
0.7 0 0. 6 9  0. 7 2  0.73 
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TABLE 7.  EFFECTS OF ANTIBIOTIC , CALC IUM SOURCE AND CALCIUM 
LEVEL ON AVERAGE DAILY GAINS. a EXPERIMENT 1. 
Period Means for main effects and interactions 
(Weeks) Antibiot ic + Caso 4 Caco3 0. 4 
0 - 2 + 0. 72 0. 76 0 . 68 0. 72  
0. 6 8  0 . 67 0. 6 9  0. 72 
Mean 0. 72c 0.6 8d 0. 72 0. 6 9  0. 72 --
2 - 4 + 0. 75 0. 74 0. 77 0.70 
0. 74 0. 73  0. 74 0. 74 
Mean 0. 75 0. 74 0. 74 0.76 0. 72d -- --
4 - 6 + 0. 74 0. 70 0. 77 0. 72 
0. 74 0. 70 0 . 77 0. 72 
Mean 0.74 0. 74 0. 70d 0. 77 c 0. 72 -- --
0 - 4 + 0. 74  0. 75 0.72 0. 71 
0. 71 0.70 0. 72 0. 71 
Mean 0. 74 0. 71 0.73 0. 72 0. 71 
0 - 6 + 0. 74 0. 74 0. 74 0. 72 
0. 71 0.70 0. 73  0. 71 
Mean 0. 74 0. 71 0. 7 2  0. 74  0. 77 
c , dValues -w ith different superscripts w ith in the 
line differ significantly CP <. o s )  



















as barrows outgained gilts by 0 . 7 5 to 0. 70 kg/day . The 
fact that calcium sulfate, at the levels tested, did not 
affect the performance of growing pigs is supported by the 
findings of Combs and Wallace (1 962 ) . In their studies , 
neither rate nor efficiency of gain were significantly 
influenced by the source of supplementary calcium used . 
However, both dry matter and crude protein digestibility 
were significantly lowered when calcium sulfate rather 
than ground limestone or oyster shell supplied the 
supplementary calcium. Also, Mccampbell and Aubel ( 1 93 4 ) 
found that limestone and calcium sulfate are essentially 
equal as sources of calcium for swine . 
Feed efficiency (feed/gain) data are reported in 
Table 8 while statistical analysis is shown in appendix 
T 2bles 2 and 3. Feed/gain followed the same pattern as 
the average daily gains as far as performance is concerned . 
For the first two weeks, pigs on a calcium sulfate diet, . 
regardless of level of  calcium and presence of antibiotic , 
required less feed ( 2. 7 4  vs. 2.85) per unit of gain com­
pared to pigs fed diets with calcium carbonate. Less 
feed was also required per unit of gain by pigs receiving 
diets containing calcium s;.11:Eate plus antibiotic at both 
levels of calcium compared to the pigs on the same diet 
without antibiotic o� the pigs on a calcium carbonate 
diet with or without antibiotic . Also, regardless 
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TABLE 8. FEED/GA IN PER PERIOD AND ACCUMULATIVE 
EXPERIM�NT 1. 
Means for main  e f fects and interactions 
Period 
(Weeks) Antibiotic · + CaSO 4 Caco3 0 . 4  0. 6 7  
0 - 2 + 2. 7 5  2. 6 1  2. 8 8  2. 73 2. 7 6  
2 . 86 2. 88  � - 8 3 2 . 81 2. 90 
Mean 2. 7 5  2 . 86 2. 7 4  2. 85 2 . 77 2. 83 -- -- --
2 - 4 + 3. 2 1  3. 27 3. 14 3. 2 6  3. 1 5  
3. 1 4  3. 1 1  3. 1 6  3. 0 5  3. 2 3  
Mean 3 . 2 1  3. 1 4  3 . 19  3. 1 5  3 . 1 6  3 . 1 9 --
4 - 6 + 4. 0 3  4 . 2 1  3 . 85  3 . 99 4. 06  
4. 01  4 . 2 4 3. 7 8  4. 1 3  3. 89 
Mean 4. 03  4 . 01 4. 2 3b 3 . 82 a 4 . 0 6 3 . 98  -- --
0 - 4 + 2 . 9 8 2 . 93 3. 01  2. 99 2. 96 
3. 0 0  2. 99 3 . 00  2 . 93 3 . 07 
Mean 2 . 9 8  3 . 00 2 . 9 6 3. 01 2 . 9 6 3. 02 -- --
0 - 6 + 3 . 29 3. 31 3. 2 7  3. 2 8  3 . 30 
3. 32 3. 38  3. 2 6  3. 31 3. 33 
Mean 3. 2 9  3. 32 3. 35 3. 2 7  3 . 30 3 . 32 
a, b 
Values with different superscript differ 
significantly (P < . 05). 
of level and source of calcium, pigs receiving antibiotic 
were more efficient in converting feed to gain than non­
antibiotic fed pigs. 
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For the second period, there were no significant 
differences, with pigs on all treatments achieving similar 
feed efficiencies. During the third period, pigs on a 
calcium carbonate diet required significantly less feed 
(P < .os) per unit of gain than those on a calciu.� sulfate 
diet. Feed per gain was 3. 81  and 4. 22 for pigs fed diets 
containing calcium carbonate and calcium sulfate respec- · 
tively. 
Overall, as with average daily gains, there were no 
significant differences among treati�ent for the total 
experiment of six weeks. 
Experiment 2. The overall growth and feed performance 
data of this experiment are shown in Table 9. Statistical 
analysis is shown in appendix Tables 4, 5 and 6. 
The average daily gains by periods and on an accumu­
lative basis are reported in Table 10. During all periods 
there was a highly significant antibiotic effect (P<. 0 1) 
as pigs fed diets with antibiotic, regardless of calcium 
level, gained faster than the non-antibiotic fed pigs by 
0. 62  to 0. 52  kg. , 0. 6 7  to 0 . 53 kg. , and 0. 73 to 0.58 kg. 
for the first, second and third period respectively. Over 
the entire experimental period (6 weeks) the antibiotic 
TABLE 9. GROWTH AND FEED PERFORMANCE DATA. EXPERIMENT 2 
Dietarr ca lcium level { %) 
Item Antibiotica 
·No. of Pigs 
Initlal body wt . , kg . 
F inal body wt. , kg. 
Averag e da i ly gain, kg � 





4 9 . 5  
0. 6 8  
L 7 8 
2. 6 2  
0 . 3  
16 
2 1. 2 
4 3 . 7  
0 . 54 
1 .  5 5  




50 . 2  
0 . 6 9 
1. 7 5  
2. 5 4  
0 . 7  
16 
21 . 2 
4 2 . 6  
0 . 51 
1 . 4 6  
2. 8 6  
+ = with chlortetracycline (100 g/ton) , - = without antibiotic . 
+ 
16 
21. 0  
4 8 . 3  
0 . 6 5 
1 . 7 5  
2 . 70 
1 . 1  
16 
21. 0  
4 5 . 3 
0 . 5 8 
1 . 6 2  
2 . 80 
°' ..., 
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TABLE 10 .  AVERAGE DAILY GAIN ( KG) BY PERIODS AND 
ACCUMULATIVE. EXPERIMENT 2 
Dietary Calcium level (% ) 
Antibiotic o . 3 0. 7 1 . 1  
0 - 2 Weeks Mean 
+ 0. 63a 0. 64 a 0. 5 9  0.62a 
0.51b o. 5ob 0.5 6  0. 52b 
Mean 0.57 0. 57 0. 5 8  
2 - 4 Weeks Mean 
+ 0. 10a 0. 10a 0.61  0. 67 a 
0.5 6b 0.52b 0. 5 2  0 . 53b 
Mean 0. 63 0.6 1  0. S-7 
-- --
4 - 6 Weeks Mean 
+ 0.7 0a 0. 7 5a 0 . 7 3  0 . 73a 
o. 54 b 0.54 b 0. 67 o.s ab 
Mean 0.62 0.65 0.7 0 
---
0 - 4 Weeks 
+ 0. 67 a 0. 67 a 0.60  0.65a 
0. 54 b o. s ob 0. 54 0. 53b 
Mean 0.61 0.59  0. 57  -- --
0 - 6 Weeks Mean 
+ 0.68 a 0 . 69a 0 . 65 0.67a 
0. 54 b 0. 51b 0. 58  0.54b 
Mean 0.61 0.60 0.62 -- ---
a b within the column and peri od with ' Va lues same 
different superscr ip ts differ sign i ficar.tly (P < . 0l )  
fed pigs gained 0 . 67 kg . daily versus 0 . 54 kg . for those 
fed diets without antibiotics . This difference was 
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highly significant (P <.01 ) . There was also a significant 
calcium x antibiotic effect as pigs fed the two lower 
dietary calcium levels responded to antibiotics signifi­
cantly better (P <. 05) than those on the high calcium level. 
Average daily gains of pigs fed diets of 0 . 4 and 0 . 7 % 
dietary calcium with antibiotic over the entire experi­
mental period ( 6  weeks) were 0 . 68 and 0 . 69 kg . ,  respec­
tively, compared to 0 . 54 and 0 . 51 kg. for those pigs on 
the same levels of calcium without antibiotic . On the 
other hand, while pigs on the diet containing 1 . 1% 
calcium tended to grow slightly faster than their counter­
parts without antibiotic, these differences were not 
statistically significant at any of the periods . Over 
the entire experimental period, pigs on the high level of 
calcium with antibiotic gained 0. 65 kg . daily as compared 
to 0.58 kg. for those fed the non-antibiotic diet. 
'I'hese results may be compared with the results 
obtained by Costain and Lloyd ( 1962) . In their studies 
they found that reducing calcium from O o85% to 0 . 40 %  in 
diets of growing pigs did not effect gain, feed conversion 
or apparent digestibility of nutrients. Plumlee et al . 
(1956)  reported an experiment in which four levels of 
calcium (0 . 2  to 1 , 1% ) ± 1 0 0  ppm Zn were fed to pigs from 
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15 to 85 kg. Pigs fed diets of 0. 2 and 0.5%  calcium gained 
similarly with or without zinc. Pigs fed 0 . 8 %  or 1. 1%  
calcium grew slower and less efficiently than those fed 
the lower levels. Zinc additions improved the performance 
of pigs on the higher levels of calcium . 
There was also a significant sex effect (P<.05) for 
the entire six-week period with barrows achieving average 
daily gains of 0 . 68 kg. versus 0.58 kg. for gilts. These 
differences were a reflection of similar statistical 
significance (P <.05) obtained in periods two and three 
(Appendix Table 5) . 
In addition, there was a significant (P <.05) repli­
cation effect. This effect may have been partly due to 
weather changes, as the first replication was removed from 
experiment at the beginnins of September while the fourth 
replication completed the experiment about mid-October , 
and partly to different starting weights of pigs used in 
the four replicates ( 4 7.5, 44. 8, 46. 8 and 48. 3 kg. for the 
first, second, third and fourth replicates respectively) . 
Also, the fact that pigs used in the fourth replicate were 
mqre variable in starting weight might have contributed 
to the replicate difference. 
Feed efficiency (feed/gain) data for this experiment 
are shown in Table 11 while statistical analysis is re­
ported in appendix Tables 5 and 6. Al though pigs fed 
TABLE 11. FEED PER GAIN PER PERIOD AND ACCUMULATIVE. 
Antib iotic 
EXPERIMENT 2. 
Dietary Calcium level (% ) 





0 - 2 Weeks 
2. 27 










3.2 2  
3.00  
2 - 4 Weeks 
2.77 
3.2 9  
3. 03 
3. 02  
3. 13 




4 - 6 Weeks 
2.57 
2.8 6 
2. 7 2  
2.63 







2.5 9  





0 - 4 Weeks 
2.5 2  
2. 87 
2.69 
0 - 6 Weeks 
2. 54 






2. 8 0  
2.7 5 
2. 62 e 
f 2.84 
a b ' Values within the same column and period with dif-
ferent superscripts differ significantly (P < .  0 5) .  
c , dvalues within the same column and period with dif­
ferent supeYscripts differ significantly ( P <. 02 5) 
e f ' Values within the same column and period with dif-
ferent superscripts differ significantly (P <. 01) 
antibiotic diets consumed significantly more feed daily 
CP<. 02 s  for the first two periods and P <. 0l for the 
third) , they were also more efficient in converting that 
feed to body weight gain . Feed per gain for the pigs fed 
the antibiotic diets were 2 . 3 9 ,  2.85 and 2. 63 for the 
first , second and third periods respectively compared to 
2. 60, 3. 21 and 2 .80 for pigs fed diets without antibiotic 
during those same periods. These differences were signi­
ficant during each period. Over the entire experiment 
( 6  weeks) , antibiotic fed pigs required 2. 62 kg. of feed 
per kg. gain while the non-antibiotic fed pigs required 
2.84  kg. of feed per kg. gain, a difference which was 
significant at the 0. 1% level (P <. o ol) . There was also 
a replication effect which was significant at the 2.5%  
probability level. 
Blood serum calcium data are shown in Table 12. 
Serum calcium in the blood obtained at the beginning of 
6 6  
the experiment was similar in all pigs and there were no 
significant differences among treatments. Four weeks later 
(second blood collection) , there was a significant calcium 
(P <. 01) effect with pigs on the lower dietary calcium 
level showing higher values of serum calcium . Those values 
were 11. 19 rng/l00ml fo r the 0. 3 %  dietary calcium level 
versus 10 . 52 and 10. 6 3  mg/l00ml for the 0. 7 and 1. 1% di­
etary calcium respectively. The third blood collection 
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took place two weeks after the second. During this two­
week period all pigs were fed a diet of 0. 3% calcium and 
200 g/ton chlortetracycline. Blood serum calcium was 
generally lower in all treatments compared to the previous 
blood collection. The most striking difference was the 
sharp decrease of serum calcium levels of the pigs fed the 
0. 3%  calcium diet in the previous period. Serum calcium 
was 11. 1 9  and 10. 02 mg/lO Oml for the second and third blood 
collections respectively . This represented a 10.5%  
decrease . 
It is well documented that if large quantities of 
calcium ions are removed from the circulating body fluids, 
the calcium ion concentration again returns to normal with­
in minutes to hours. These effects result from the fact 
��t body contains a type of exchangeable calcium that is 
always in equilibrium with the calciUJ� ions in the extra­
cellular fluids. A small portion of this exchangeable 
calcium is that calcium found in all tissue cells e espe­
cially in highly permeable types of cells such as those 
of the liver and the gastrointestinal tract. Newman 
et a l. (19 6 7) found in their studies with growing pigs 
that restriction of calcium intake increased efficiency 
of absorption and retention of calcium . 
It is possible that in this study pigs fed the low 
calcium diet for the first four weeks responded by utiliz -
6 8  
ing more of the exchangeable calcium, absorbing more from 
the gastrointestinal tract and retaining more to maintain 
homeostasis. Continuing the feeding of the low calcium 
diet for another two weeks probably depleted the exchange­
able calcium and started mobilizing calcium from the bones, 
a process which is much slower than the previous, result­
ing in lower serum calcium values. 
Fee ing 100 g/ton chlortetracycline increased blood 
serum calcium levels significantly (P<. Ol) at the second 
collection period. Serum calcium values were 1 0. 95 and 
10.61 rng/lO Oml for antibiotic and non-antibiotic fed pigs , 
respectively which represented a 3. 1%  increase due to 
antibiotic. 
In the third blood collection even though antibiotic 
fed pigs showed a 4. 1 %  increase in serum calcium over 
non-anti biotic fed pigs (10.44 vs. 10.02 mg/lO Oml) , this 
difference was not significant. The fact that the coeffi­
cient of variation for this third bleeding was 1 1.65, 
approximately double the 6.5 and 6.2 coefficient of  va ri­
ations for the first and second blood collections respec­
tively ,  might have contributed to the failure to detect 
a statistically significant difference. 
Significant differences were also found among repli-
cates for blood serum calcium at all three blood collection 
periods. This dif ference was mainly due to the fact that 
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TABLE 1 2 .  BLOOD SERUM CALCIUM. EXPERIMENT 2 .  
Blood 
Dietary Calcium level ( %) 




------mg/100 ml- - - ---- Mean --
+ 10 . 23 10 . 42 10 . 33 10. 33 
1 0. 4 6 10 . 12 10 . 2 6 10. 28 
Mean 10. 35 10. 2 7  10. 2 9  
Mean --
+ 11 .31 10 . 58 10 . 96 10. 95c 
11. 08 10. 4 6  10. 30 1 0. 61d 
Mean 1 1. 19c 10. 52d 10 . 63 d 
Mean 
+ 10 .25 1 0. 60 10 . 4 7 10. 4 4  
9 . 79 10 . 20 10 . 07 10.02  
Mean 10. 02 10. 40 10. 2 7  
aFirst blood collection took place at the beginning 
of the experiment, second four weeks later, and 
third at the e�d of the experiment. 
bBetween second and third blood collection all pigs 
were fed a 0. 3 %  calc ium diet and 2 00 g/ton 
chlortetracycline . 
c, d  · . . · h Values with different superscript within t e same 
line or column differ significantly (P <. Ol) . 
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the height and density of the flame of the spectrophoto­
meter was never the same between any two days of analysis , 
thus changi�g the absolute values of blood calcium but not 
the relative ones. 
At this point it is appropriate to say that despite 
the fact that some statistical differences were obtained 
in blood serum calcium none of these differences appear 
to be of any practical importance since all the values of 
blood serum calcium obtained in this experiment fall within 
the normal range of 9 to 12 mg/l O Oml as reported by 
Ullrey et al. (19 67 ) . 
Blood serum levels of chlortetracycline as affected 
by decreasing dietary calcium levels and increasing chlor­
tetracycline levels in the diet are reported in Tables 13  
ar�d 14 respectively. Mean squares for blood serum chlor­
tetracycline are shown in appendix Table 9. Since the 
first blood collectinn took place at the beginning of the 
experiment, blood serum chlortetracycline concentration was 
very small and is not reported in the tables. 
The concentrations of chlortetracycline in the blood 
from the second blood collection were 0 . 2 63, 0 . 360 and 
0 . 482 mcg/ml for pigs fed 1. 1, 0 . 7, and 0.3% dietary 
calcium respectively. There was a highly significant 
calcium effect at the 1%  probability level o In addition , 
chlortetracyc line concentrations were linear ly correlated 
► 
7 1  
with a correlation coefficient of r =-0. 998 . The r�gression 
equation which describes the regression line best fitted to 
these data is: 
Y = 0. 548 - 0.244X 
where X represents the dietary calcium levels and Y the 
chlortetracycline concentrations in the serum . 
Potentiation of chlortetracycline or increased serum 
chlortetracycline concentration due to decreased calcium 
in the diet is also reported in Table 13. It can be seen 
from this table that a decrease in calcium from 1. 1 to 0. 7%  
in the diet, resulted in an increase in serum chlortetra­
cycline of 0.097 mcg/ml or 2 6. 9  percent. A further 
decrease of 0 . 4 % in dietary calcium to a level of 0 . 3 %  
increased serum chlortetracycline by 0.122 mcg/ml or an 
additional 2 5 . 3  percent. Totaling the above results, a 
0.8% decreas e in die tary calcium increased serum ·chlor­
tetracycline by 4 5. 4  percent . These results agree with 
the findings of Eggert and Elliot (1959) . In one of their 
experiments, baby pigs fed chlortetracycline (100 gm/ton) 
with low calcium diet (0. 1 7 %  Ca) for five weeks showed 
serum chlortetracycline levels of 0. 2 60 mcg/ml while those 
on a 0.95 % calcium diet showed values of 0 . 1 40 rncg/ml o 
This represented a decrease of 4 6.2% for a 0 .8 %  increase 
in dietary calcium � In another study with weanling pigs, 
a 0.7 %  decrease in dietary calcium brought a 50% increase 
TABLE 1 3 . BLOOD SERUM CHLORTETRACYCLINE AS AFFECTED BY DECREASING LEVELS OF 
DIETARY CALCIUM. EXPErtIMENT 2 .  
Dietary 
Serum levels 
Blood sample a 
Potentiation from 







0 . 7  
0. 3  
asee Table 1 2 . 
0. 92 
0. 7 0  
0. 37  
: P  2 calciwn Ca
1. 2 : 1  
1 : 1  
1 : 1 . 2  
mcg/ml 
0. 2 6 3de 
0 . 3 60ce 
0. 48 2be 
mc9:/ml 
0 . 097 
0 . 12 2  
b , c , dValues with different superscripts within the same column di ffer 
significantly (P <. 0l) 
eRegression line and correlation coefficient for dietary calcium on 
serum chlortetracyclines, diets 5, 3 and 1 .  Y = 0 .548 - 0 . 2 4 4X, 
r = 0 . 998 . 
% 
2 6 . 9  




in serum chlortetracycline . 
The serums concentrations of chlortetracycline in the 
blood from the third blood collection {Table 14) which took 
place two weeks following the second, were 0. 5 60, 0 . 662 and 
0. 69 5 mcg/ml for diets 5, 3 and 1 respectively. Although 
all diets contained the same amount of calcium (0. 3 % ) and 
chlortetracycline (200 g/ton) for the second experimental 
period, serum concentration followed the same pattern as 
in the first period, with pigs receiving diet 5 having the 
lowest concentration of serum chlortetracycline and those 
on diet 1 showing the highest concentration . 
When serum chlortetracycline values from the third 
blood collection were plotted against the dietary calcium 
levels of the first period, a linear correlation was found 
with a correlation coeffic lent of r =-0. 920. The linear 
regression which best fits these data is: 
Y = 0. 7 5 7  - 0.1 69x 
where Y represents the serum chlortetracycline concentra­
tions and X dietary calcium level . 
The fact that serum levels of chlortetracycline in 
the blood from the third bloQ:1 collection were not the 
same, but linearly correlated with the dietary calcium 
levels of the first experimental period, indicates that 
there was a carry over effect of dietary calcium level . 















0 . 7  
0 . 3  
0 . 3  
0 . 3 
0 . 3  









0 . 2 63d 
0 . 360c 
0 . 48 3b 
0 .560ce 
0 . 662b 
0 . 695b 
mcg/ml 
0 . 297 
0 . 302 
0 . 2 12 
b, c, dvalues with different superscripts within the same period differ 
significantly (P < .01) . 
% 
53 .0  
45 . 6  
30 . 5  
eRegres sion line and correlation coeffic ient for dietary calcium levels of 
the first period on blood serum chlortetracyc line of the second period . 
Y = 0 . 757 - 0 .169X , r = 0 . 920 
-..J 
� 
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On a percent ba sis, serum chlortetracycline increa sed by 
30. 5, 45. 6 and 52. 0% for pigs on diets 1, 3 and 5 which 
contained 0. 3, 0. 7 and 1. 1% calcium during the first period . 
Since pigs fed diet 1 received a 0 . 3% calcium diet 
throughout the experiment, the 30.5% increa se of serum 
chlortetracycline can be attributed to the increa sed diet­
ary chlortetracycline from 1 00 to 200 g/ton. Eggert and 
Elliott (1 959) , ba sed on their data with weanling baby pigs, 
made the following statement: "With increa sing levels of 
chlortetracycline in the diet there is a stepwise increa se 
in serum level of the antibiotic. " It is pos sible that 
increa sed antibiotic in the diet will bring an increa se in 
serura chlortetracycline of the same absolute magnitude in 
all pigs. If that as sumption is true, the additional in­
crea se in serum chlortetracycline in pigs fed diets 3 and 
5 might be due to decrea sed dietary calcium from 0. 7 to 0.3 
and 1. 1 to 0. 3 %  Ca for pigs on diets 3 and 5 re spectively � 
Experiment 3. Growth and feed performance data, 
blood serum calcium and chlortetracycline are reported in 
Tables 15 through 20 while statistical analyses are shown 
in appendix Tables 10 through 12. During the course of 
the experiment one pig on treatment 7 and one on trea tment 
10 died. Necropsy performed by a staff veterinarian at 
the Animal Disea se Research and Diagnostic Laboratory at 
South Dakota State University indicated that the pos sible 
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cause of death of both p�gs was stomach ulcers . Two pigs 
on treatment 1 were removed after 56 days on the experiment 
because of very poor performance and data on these pigs are 
not included in the results. Because of the very low 
calcium level in diet 5, pigs on this treatment developed 
severe rickets and they were removed from the experiment 
after 8 weeks, although their growth rate did not appear 
to be affected at that time . 
Table 15 summarizes the growth and feed performance 
data of this experiment. Diet 13 was the only diet without 
antibiotic, it was included to sarve as a control to deter­
mine antibiotic effect on growth and feed performance. 
Diet 1 was an identical to 13 with the addition of anti­
biotic to serve as control to determine the potentiating 
effect of chlortetracyclin� in the other diets . 
To compare the average daily gains of pigs on treat­
ments 1 through 12 with those fed diet 13 (control) , 
Dunnett ' s  test was applied. With the exception of pigs 
on diet 1, which was the same as the control with the 
addition of antibiotic, all pigs performed significantly 
better (P <. 05) than those on the control diet e Pigs on 
diet 1 fed antibiotic grew faster than the negative con­
trols (0. 61 vs. 0. 53 kg/day) ; however, this difference was 
not significant. Statistical analysis of the data by 
three week intervals (Table 10) showed that pigs on both 
diets (1 and 13) _ gained slower than the pigs on all other 
diets throughout the experiment. 
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At a time when many farmers-especially in South 
Dakota-are attributing the poor performance of their pigs 
to high sulfates in the water, it is interesting to note 
that pigs on this study with as high as 1 9, 000 ppm of 
sulfates in their diet performed above average for their 
age. National Academy of Science considers an average 
daily gain of around 0. 70 kg/day as normal. In this study 
pigs fed diets 2, 3, 4, 7, 10, 11, and 12 with sulfates of 
2, 400, 7, 300, 12, 100, 14, 500, 3, 900, 11, 500 and 1 9 , 200 ppm 
respectively achieved daily gains of 0. 78, 0. 7 7, 0. 7 9, 0 . 79, 
0.83, 0. 70 and 0. 7 7  kg/day. Sulfates in the water in 
South Dakota seldom exceed 6, 000 ppm. Although, water 
c0nsumption will generally be approximately twice that of 
feed consumption, the sulfate intake of pigs receiving the 
high sulfate diet was probably higher than the sulfate 
intake of pigs on most waters that have been thought to 
reduce performance of pigs. It is also possible, however, 
tha� other minerals contained in high concentrations in 
the water in combination with the sulfates might be the 
cause of reduced pig performance in certain instances . 
Extensive research by scientists at the American 
Cyanamid Company (1 964) , showed that broiler-chicks can 
be fed a diet containing 2.8%  sodium sulfate for three 
TABLE 1 5 .  GROWTH AND FEED PERFORMANCE DATAa . EXPERIMENT 3 .  
DIETARY 
Ca , i 
p ,  % 
Na , % 
so4 , % 
No . of pigs 
Initial  body wt. kg . 
Final body wt . kg . 
Avg . daily gain , kg . e 
D�i ly feed intake , kg . f  
Feed/gain f 
Firmne s s  of fecesg 
l 
0 . 8 0 
0 . 6 0 
0 . 2 3 
8 
20 . 8  
6 3 . 5  
0 . 6 1 
1 
2 
0 . 8 0 
0 . 6 0 
0 . 3 5 
0 . 2 4 
8 
20 . 9  
7 5 . 7 
0 . 7 8 
2 . 2 0 
2 . 8 2 
2 
3 
0 . 8 0 
0 . 6 0 
0 . 5 8 
0 . 7 3 
8 
20 . 9  
7 5 . 0  
o .  77 
2 . 2 8 
2 . 9 6 
3 
4 
C . 8 0 
0 . 6 0 
0 . 8 1 
1 .  2 1  
8 
2 0 . 9 
7 6 . 5  
0 . 7 9 
2 . 2 6 
2 . 8 6 
4 
aThe leng th of the experiment was 7 0  days . 
5 c  
0 . 3 5 
0 . 3 7 
8 
20 . 9  
6 0 . 7  
o .  7 1  
1 . 9 5 
2 . 7 5 
2 
bA l l  d iets contained chlortetracycl i ne ( 2 00 g/ton ) . 
6 
1 .  2 0  
0 . 9 0 
0 . 6 4 
8 
2 0 . 8  
7 0 . 8  
0 . 7 1 
2 . 1 8 
3 . 0 7 
1 
7 
1 . 2 0 
0 . 9 0 
1 .  3 0  
1 . 4 5 
8 
20 . 9  
7 6 . 2  
0 . 7 9 
5 
cDatn of pigs on treatment 5 were calculated on a 56-day basis . 
dDict  1 3  did not contain antibiot i c .  
8 
0 . 6 0 
1 . 2 0 · 
0 . 6 9 
8 
20 . 8  
7 6 . 4  
0 . 7 9 
2 . 27 
2 . 87 
l 
9 
o . e o 
l . e o  
1 . 0 4 
8 
2 0 . 9  
7 0 . 4  
0 . 7 1 
2 . 09 
2 . 9 4 
3 
10  
a . s o 
0 . 6 0 
0 . 2 3 
0 . 3 9 
8 
2 0 . 4  
7 8 . 4  
0 . 8 3 
l 
1 1  
0 . 8 0 
0 . 6 0 
0 . 2 3 
1 . 1 5 
8 
2 0 . 9  
7 0 . 8  
0 . 7 8 
2 . 0 5 
2 . 8 9 
4 
1 2  
0 . 8 0 
0 . 6 0 
0 . 2 3 
1 . 9 2 
8 
2 0 . 9 
7 5 . 0  
o .  7 7  
2 . 3 1 
3 . 0 0 
5 
1 3  
a . s o 
0 . 6 0 
0 . 2 3 
s 
2 0 . 9  
57 . 7  
0 . 5 3 
1 . 7 2 
3 . 2 5 
3 
eAverage da i ly .gain for pigs on treatments 1 , 7  and 10  was calculated on a basis  of 6 , 7  and 7 pigs respectively . 
fAverage dail y feed intake and feed/gain were not calculated for pigs on treat.'nents 1 , 7  and 10 . 
gThe scale for feces firmness was 1 = normal , 3 = soft , 5 = loose . 
....J 
co 
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weeks or 1 . 5% sodium sulf�te for nine weeks without any 
adverse effect on growth rate or feed efficiency. Higher 
levels of sodium sulfate for extended periods of time 
caused high mortality due to wet litter. Table 1 5  shows 
the firmness of feces of pigs in this experiment. Although 
the feces of pigs on the high sulfate diets (either sodium 
or calcium sulfate) were loose throughout the experiment, 
no effect was noted on growth and feed performance o Eggert 
and Elliott (1959) working with baby pigs of an average 
weight of 6. 5 pounds, reported that diets with as high as 
3. 5% ca lcium sulfate did not significantly effect growth 
rate and feed efficiency when fed for a period of five 
weeks. In another study, growing-finishing pigs were fed 
diets with as high as 2. 0%  calcium sulfate for seventy 
days. Again no significan L differences were noted in 
growth rate and feed efficiency . 
The effects of dietary treatment on blcod serum 
calcium values are presented in Table 16 and mean squares 
for blood serum calcium are reported in appendix Table 11 . 
At both blood collection periods there was a highly signi­
ficant treatment effect (P<.01) on serum calcium level. 
The lowest values of serum calcium were recorded in the 
blood of pigs on diets that contained 0.8%  calcium and 
1.8%  phosphorus . 
It is possible that the imbalance of calcium to phos-
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TABLE 16. BLOOD SERUM




Diet Ca p 1 2 
------% ----- - --mg/l00ml---
1 ( Control ) 0. 80 0. 60 10. 39 d 10. 9 5d 
2 0.80  0. 60 10. 7 0  d 11. 03d 
3 0.80  0. 60 10. 68 d 11. 39 d 
4 0. 80 0. 60 10. 4 2  d 11.0 l d 
5 0.35 0.37 10. 54 d 11. 47
d 
6 1.20 0. 9 0  10. 54 d 10 . 68
d 
7 1. 20 0. 90 10. 43
d 11. lld 
8 0. 80 1. 20 10 . 11 
d 10. 4 5  d 
9 0. 80 1. 80 9.  51  C 10. 30
c 
10 0. 80 0. 60 10. 83 d 11. 20d 
11  0. 80  0. 60 10. 69
d 11.30d 
12 0. 80 0. 60 10 . 36 
d 11. ll d 
13 0. 80 0.60 10. 34 
d 10. 67 d 
Each value is  an average of serum calcium from 8 pigs o 
bBlood s araple 1 was taken at the beginni ng of the 
experiment a�ter fa sting the pigs overnight and then 
allowing them to eat for 5 hours . Blood sample 2 
was taken two weeks later. 
c , d  
Value s with different superscript within the same 
co ltL�n di f fe r  s i gnificantly (P < . o s ) . 
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phorus might have caused the decrease in blood serum cal­
cium. National Research Council recommends a dietary cal­
cium to phosphorus ratio of between 1:1 and 1 . 2 : 1 . Diet 9 
had a ratio of 1 : 2 . 25 .  It is well documented that a great 
excess of either calcium or phosphorus interferes with the 
�bsorption of the other, a fact which helps to explain why 
a certain ratio between them in the diet is desirable for ' 
their best absorption. But even though the blood calcium 
values of pigs on diet 9 are statistically significantly 
lower than the others, they still fall within the normal 
range of 9-12 mg/lO Oml reported by Ullrey _ e t  al. ( 1967 ) . 
There was also a signif icant difference among replications 
in blood serum calcium at both collection periods . 
Blood serum chlortetracycline values are reported in 
Table 1 7. Statistical anaiysis of these data showed that 
there was a highly significant treatment effect (P <. 01)  
at both sampling periods. To make individual comparisons 
with the control, Dunnett ' s  test was ·applied. In the 
first blood sample {taken at the beginning of the experi­
ment) blood from all pigs, with the exception of those 
treated with calcium sulfate (diets 10, 11  and 12) , con­
tained chlortetracycline levels which were significantly 
higher (P <. Ol) than the controls. In the second sample 
(two weeks after the first) only blood from pigs fed the 
very low calcium diet and the two very high phosphorus 
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diets showed chlortetracycline values significantly higher 
(P < . o s )  than controls. 
Since several potentiating procedures were used in 
this experiment, the data are presented in different tables 
to study each method separately . 
The effect of sodium sulfate on blood serum chlorte­
tracycline is summarized in Table 18 . Increasing amounts 
of sodium sulfate in the diet caused a linear increase of 
blood serum chlortetracycline in blood sample 1 .  The 
correlation coefficient can many times be misleading be­
cause it does not take into consideration dietary calcium 
content. A better variable to be correlated with blood 
serum chlortetracycline would be a sulfate to calcium 
ratio . On that basis an even better correlation coeffi­
cient was obtained with r = 0. 9795 . The regression line 
best fitted tc these data is : 
Y = 0.4242  + 0.1820X 
where X = sulfate to calcium ratio and Y = blood serum 
chlortetracycline levels. 
The actual increases of blood serum chlortetracycline 
at the first sampling when the diet of the pigs was supple­
mented with 0. 355, 1.07, 1. 775 and 2 . 13% sodium sulfate 
were 0. 175 ,  0. 2 78, 0. 435 and 0 .36 9 mcg/ml respectively 
compared to the chlortetracycline in blood serum of pigs 
fed diet 1 that was not supplemented with sodium sulfate 
TABLE 1 8 . BLOOD SERUM
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(Table 18) . The only significant effect of sodium sulfate 
on blood serum chlortetracycline in blood sample 2, which 
was taken two weeks after the first sample, was for pigs 
fed diet 4 which contained 1. 775 % sodium sulfate and 0 . 8 %  
calcium. Blood serum chlortetracycline of pigs fed this 
diet was greater (P<. 01) than that of pigs fed diets 1, 2, 
or 3 .  
Although no published data were found relative to the 
effects of sodium sulfate on chlortetracycline potentiation 
in the swine field, research with chickens at the American 
Cyanamid Company (19 64 )  showed results similar to these 
obtained in this study. In one of their studies, five 
uniform groups of 12 chicks each were fasted overnight , 
fed for three hours a constant calcium diet with different 
in .!rements o..c sodium sulfate and then bled by cardiac 
puncture. They reported that each added level of sodium 
sulfate progressively increased the amount of chlortetra­
cycline in the blood serum. A level of 0. 3 55%  sodium 
sulfate in the diet caused a 22 % increase in blood serum 
chlortetracycline while 1. 42 % sodium sulfate resulted in 
an increase of 50 % in serum chlortetracycline. 
Blood serum chlortetracycline as affected by calcium 
sulfate is reported in Table 19. None of the blood serums 
from pigs under test had chl ortetracycline levels signifi­
cantly different than the controls (unpotentiated) . At 
TABLE 1·9. BLOOD SERUM CHLORTETRACYCLINE AS AFFECTED BY CALCIUM SULFATE . 
EXPERIMENT 3 .  
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the first blood sampli�� period, there wa s a highly s ignifi­
cant (P <. 01 )  t�ea tment effect on blood serum chlortetra­
cycline of pigs fed the three levels of ca lcium sulfate. 
Serum from pigs fed the 0 . 70% calcium sulfate diet con­
tained 0 . 48 7  mcg/ml chlortetracycline which was s ignifi­
cantly greater than the 0. 2 5 1 rncg/ml of chlortetracycline 
in serum of pigs fed the 2. 05% calcium sulfate diet . The 
chlortetracycline level of 0.333 mcg/ml in blood serum of 
pigs fed diets containing 3. 43 %  calcium sulfate was inter­
mediate and not significantly different from either of the 
other levels of calcium sulfate. The fact that blood serum 
chlortetracycline was the lowest in blood obtained from 
pigs on diet 1 1  may have been due to the reduced feed in­
take of pigs fed this diet . 
Serum chlortetracycline from the second blood collec­
tion was similar for all pigs fed diets 1, 10, 1 1  and 1 2. 
After extensive research with calcium sulfate as a 
calcium supplement for swine diets, Bggert and Elliott 
( 1 959) concluded that: "for optimum potentiation of 
chlortetracycline in the blood serum through the substitu­
tion of calcium sulfate for calcium carbonate in pig 
rations, the calcium content of the basal ration mus t be 
lower than 0. 1 percent total initial calcium . "  They also 
reported that, even when calcium sulfate supplemented a 
diet with lower than 0. 1 percent total initial calcium, it 
did not have as _ great a potentiating effect a s  a low cal­
cium diet for the first .and second week, but thereafter 
there was no s ignificant difference between the calcium 
sulfate and low calcium treatment results in regard to 
serum levels of chlortetracycline. 
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Although the basal (corn-soybean meal) diets in this 
study contained les s  than 0.1% calcium, addi tion of calcium 
carbonate raised the initial total calcium before supple­
mentation of calcium sulfate to 0.65 and 0. 3 7 %  for diets 10 
and 11 respectively (Table 19) . According to the findings 
of Eggert and Elliott (195 9) only diet 12 with total 
initial calcium of 0.08% before supplementation of calcium 
sulfate, should have given a potentiation of chlortetra­
cycline in the blood serum. Yet, no potentiation was 
n� ced in this study in both blood collections. The fact 
that both blood collections took place within two weeks 
after the initiation of the experiment might have been a 
factor for not detecting a potentiation . According to 
Eggert and Elliott (195 9) more than two weeks of continu­
ous feeding of calcium sulfate are probably required to 
obtain a potentiation equivalent to that cf a low calcium 
diet . 
As it was mentioned in the review of literature the 
theory behind th8 potentiating power of sodium sulfate is 
based on the fact that sulfates supplied by sodium sulfate 
8 9  
tie up much of the dietary calcium (forming calcium sulfate) 
allowing more chlortetracycline to be absorbed in the duo­
denum which is probably the primary site of absorption of 
chlortetracycline. If this is �rue it is difficult to 
explain why when calcium sulfate supplements the diet 
there is no immediate potentiating effect such as the one 
noted in this study when sodium sul fate was used. 
Blood serum chlortetracycline as affected by increas­
ing levels of dietary phosphorus at constant levels of  
dietary calcium is shown in Table 20. Dietary calcium for 
diets 1, 8 and 9 was 0.80% while phosphorus content was 
0. 60, 1. 20 and 1.80% respectively, in these three diets o 
The calcium to phosphorus ratio was 1:0 . 75, 1:1 . 50 and 
1: 2. 25 for diets 1, 8 and 9 respectively . 
At both collection periods blood serum chlortetra­
cycline was significantly (P<.01) higher when pigs were 
fed the high phosphorus diets. At the first sampling 
period the diets containing 1. 2 and 1.8%  phosphorus gave 
serum chlortetracycline increases of 5 4.8 and 35. 3 % , while 
two weeks later (blood sample 2 )  the increases in serum 
chlortetracycline were 2 7. 6  and 2 2 .4 %  respectively . Blood 
serum chlortetracycline levels of pigs fad the higher 
phosphorus (1. 8 %) diet were significantly (P <. 0 1) lower 
than those pigs fed diet of 1. 2%  phosphorus, at the first 
collection period. 
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This indicates the probability that �here is an opti­
mum dietary phosphorus increase which will give the best 
potentiating effect. A further increase will either not 
change it or have a negative effect compared with the in­
crease obtained with the optimum dietary phosphorus in­
crease. It is possible that the use of more diets with 
dietary phosphorus levels below and above the 1.8 %  phos­
phorus used in this study, would have indicated if there 
is indeed an optimum dietary phosphorus level for maximum 
potentiation of chlortetracycline . 
A very large number of feeding trials with chickens 
at the Pfizer Research Station (Luther, 1960) showed 
results similar to those obtained in this study . In one 
study, two groups of chicks were fed a constant calcium 
diet (1 . 2 % Ca) with two levels of phosphorus (0. 7  and 
4.08%) . Blood cbtained from chicks which were fed the 0 . 7% 
phosphorus diet contained 0. 206 mcg/rnl chlortetracycline , 
while blood from those chicks on the 4 . 08%  phosphorus diet 
contained 0. 371 mcg/ml chlortetracycline, an increase of 
0 . 165 mcg/ml . Unfortunately, a diet with an intermediate 
dietary phosphorus increase was not included . It is 
possible that with a more moderate increase in dietary 
phosphorus a greater potentiation would have been obtained . 
It was mentioned in the introduction that thi s  study 
was undertaken to investigate the possible potentiation of 
TABLE 2 0 . BLOOD SERUM CHLORTETRACYCLINE AS AFFECTED BY INCREAS ING LEVELS OF 
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chlortetracycline in swine, employing different methods. 
The results of this study point out that a low calcium diet, 
a diet high in phosphorus and addition of sodium sulfate 
in the diet, will markedly increase the concentration of 
chlortetracycline in the blood serum, especially shortly 
after introducing these die ts to growing pigs. Of course , 
the ultimate target of increasing chlortetracycline concen­
trations in the blood serum is to increase the effective­
ness of this antibiotic to prevent or treat diseases a 
From a practical standpoint, in order for increased 
blood serum chlortetracycline to be of value , it is neces­
sary to study the potentiating procedures used in this 
study in combination with disease challenge trials. If 
these trials prove that increased levels of chlortetra­
cy�line in the blood reduce mortality, scours or other 
symptoms, then recommendations can be made on their use . 
To theorize, it is possible that whatever the amount 
of an antibiotic given to an animal orally , a certain part 
of it will be ti.ed up by calcium. This part of the anti­
biotic will be confounded to the alimentary tract reducing 
the deleterious bacteria and thus improving the growth 
rate or " health" of the animal. When the binding capacity 
of the calcium is surpassed any excess antibiotic that is 
left unbound will be absorbed by the blood to combat the 
pathologic bacteria responsible for most of the diseases . 
C O N C L U S I O N S 
1 .  There was a direct correlation between calcium 
level in the diet and blood serum chlortetracycline. 
Decreased levels of dietary calcium increased blood serum 
chlortetracycline , 
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2 .  A low calcium diet was a very effective chlorte­
tracycline potentiator for the periods tested. However, 
prolonged feeding of this diet to growing pigs for periods 
of over five weeks caused rickets. 
3 .  Within the levels and periods tested, sodium sul­
fate in a diet for growing pigs did not affect the growth 
performance- of  the pigs . Shortly after its introduction 
to the pigs , sodium sulfate significantly increased blood 
serum chlortetracycline levels . 
4 o  Increased levels of dietary phosphorus signifi­
cantly increased blood serum chlortetracycline . A level 
of 1. 2% appears to be optimum when calcium level is 0. 60% � 
5. For the periods and levels tested, calcium sulfate 
appears to be a good source of calcium to support a normal 
growth performance of growing pigs. However , it did not 
increase blood serum chlortetracycline for the first two 
weeks after its introduction to the pigs . 
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SUMMARY 
Three experiments des �gned to study the potentiation 
of antibiotic in swine were conducted over a two-year 
period . During the two year s, 3 4 4  crossbred pigs were used 
in three separate experiments to study the effect of cal­
cium sources and levels, sulfate sources and levels, and 
phosphorus levels in diets containing different levels of 
chlortetracycline . 
The first experiment was divided into three two-week 
periods .  During the first two weeks 50 g/ton of chlorte­
tracycline in the diets increased gain of pigs from 0 . 68 
to 0 . 72 kg . per day . Pigs fed diets containing chlortetra­
cycline gained significantly faster when the source of 
calcium was sulfate rather than carbonate . In the second 
Period, pigs receiving a higher calcium diet with anti­
biotic grew significantly faster than those fed a low cal­
cium diet . During the third two-week period pigs fed a 
calcium carbonate diet achieved gains significantly great­
er than those fed a calcium sulfate diet. On an accumula­
tive basis t0-6 weeks) there were no significant differ­
ences among treatments in either average daily gain or feed 
efficiency . 
The second experiment consisted of two periods. Dur­
ing the first period (4  weeks) three levels of calcium 
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(0. 3, 0. 7 and 1. 1%)  with and without 100 g/ton of chlorte­
tracycline were used for a total of six treatments . During 
the second period (2 weeks) · all diets were changed to a low 
(0. 3 %) calcium. Pigs fed the antibiotic containing diets 
for the first period continue to receive antibiotic at a 
higher level (200 g/ton) . Blood was collected from all pigs 
at the beginning of the experimen�, at the end of the first 
period and at the end of the second period. During all 
periods there was a highly significant antibiotic effect 
(P <· 01) as pigs fed diets with antibiotic gained faster 
than the non-antibiotic fed pigs by 0. 62 to 0.52 kg . ,  0. 67 
to 0. 53 kg . and 0. 73 to 0.58 kg. for the first, second and 
thi rd period respectively. There was also a significant 
calcium X antibiotic effect . Pigs fed the two lower di­
et�ry calcium levels responded to antihiotic significantly 
better (P <. 05) than those on the high calcium level. Feed 
per gain for the pigs fed the antibiotic diets was 2 . 3 9 ,  
i. 85 and 2. 63 for the first, second and third period re­
spectively compared to 2. 60, 3. 21 and 2. 80  for pigs fed 
diets without antibiotic. These differences were signifi­
cant for each period. Blood serum calcium was similar 
among all treatments at  the first and third blood collec-· 
tions . At the second collection pigs on the lowest dietary 
calcium level showed blood serum calcium levels signifi­
cantly higher than the others . Serum chlortetracycline at 
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the second blood collection increased linearly (0. 2 63 , 
0. 360 and 0. 482 mcg/ml) with decreasing (1. 1, 0. 7 and 
0. 3%) levels of dietary calcium. At the third collection 
serum chlortetracycline followed the same pattern as the 
second and was closely correlated with the dietary calcium 
levels of the first period o 
In the third experiment several methods of potentia­
tion of chlortetracycline were studied. The diets used 
included increasing levels of sodium sulfate (0. 355, 1. 0 7, 
1. 7 75 and 2. 1 3%) , calcium sulfate (0. 7, 2. 5 and 3. 43%) and 
dietary phosphorus (0. 6, 1. 2 and 1.8 %) and also a low cal­
cium diet. All diets contained 200 g/ton chlortetracycline. 
To determine the growth and potentiating effect of these 
diets two control diets were also included one with anti­
bi..Jtic a.nd one without. The experiment was conducted for 
ten weeks. Blood was collected two times. At the begin­
ning of the experiment all pigs were fasted overnight, fed 
f_or five hours the next morning and then bled via the jug­
ular vein. The second blood collection took place two 
weeks later. 
Pigs fed the diets with the antibiotic grew signifi­
cantly faster CJ> <. os )  than those fed the diet without 
antibiotic. At both sampling periods the lowest values of 
blood serum calcium were found in pigs fed the very high 
(1. 8 %) phosphorus d iet . At the first collection blood 
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serum from all pigs , except those fed the calcium sulfate 
supplemented diets, contained chlortetracycline levels 
which were significantly higher (P <.os) than the controls. 
Increasing amounts of sodium sul fate in the diet caused a 
linear increase (0.175, 0 .278, 0. 4 35 and 0. 36 9 mcg/ml) of 
blood serum chlortetracycline in the blood serum. Blood 
serum chlortetracycline was also significantly (P <. Ol) 
higher when pigs fed the high phosphorus diets. At the 
second collection only serum from pigs fed the low calcium 
diet and the two very high phosphorus diets had chlortetra­
cycline values significantly higher (P <.os)  than controls . 
At both collections, blood serum chlortetracycline levels 
of pigs fed the calcium sulfate containing diets were not 
different from those fed the control (unpotentiated) diet. 
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APPENDIX TABLES 
TABLE 1 • MEAN SQUARES OF AVERAGE DAILY GAINS . 
EXPERIMENT 1 
Source df 
Total 12 7 
Repl ication { Rep ) 3 
S ex 1 
Rep x Sex 3 
Calc ium (Ca )  1 
Rep x Ca 3 
Ca x S ex 1 
Rep x Ca x Sex 3 
Antibiotic {Ant )  1 
Rep x Ant 3 
Ant x S ex 1 
Rep x Ant x Sex 3 
Ca X Ant 1 
Rep x Ca x Ant 3 
Ca x Ant x S ex 1 
Rep x Ca x Ant x S ex 3 
Source (So ) 1 
Rep x So 3 
Sex x So 1 
Rep x Sex x S o  3 
Ca x So 1 
Rep x Ca x S o  3 
Ca x Sex x So 1 
Rep x Ca x S ex x So 3 
Ant x So 1 
Rep x Ant x S o  3 
Ant x S ex x S o  1 
Rep x Ant x S ex x So 3 
Ca x Ant x So 1 
Rep x Ca x Ant x So 3 
Ca x Ant x S ex x So 1 
Rep x Ca x Ant x S ex x So 3 
1 
0 . 6 7 4 7 3 *  
0 . 0 0 3 6 1  
0 . 0 728 1 
0 . 0 37 81 
0 . 1 34 17 
0 . 0 9138 
0 . 0 5 971 
0 . 27 5 6 5 *  
0 . 0 4 4 8 5  
0 . 0 3920 
0 . 0 1 4 5 3  
0 . 0 190 1 
0 . 0 8 4 49 
0 . 0 0 38 3 
0 . 128 7 8  
0 . 21 94 5 
0 . 26 0 5 4 *  
0 . 0 128 0 
0 . 0 3 8 19 
0 . 0 024 5 
0 . 0 7 4 1 1 
0 . 0 7 7 0 3  
0 . 10 30 9  
0 . 36 7 6 5 * 
0 . 0 4 4 4 8  
0 . 0 10 51 
0 . 0 6 35 5  
0 . 0 0 8 4 5  
0 . 0 5 8 7 6  
0 . 0 8 30 3  
0 . 0 3224 
Period 
2 
0 . 0 7 32 8  
0 . 37 7 36 
0 . 024 7 8  
0 . 34 341* 
0 . 0 0 1 2 9  
0 . 0 8 0 5 0  
0 . 018 0 7  
0 . 0 328 3 
0 . 11 6 95 
0 . 0 5 4 0 4  
0 . 0 4 8 41 
0 . 4 3129 * 
0 . 0 9999 
0 . 0 1 341 
0 . 0 5 10 7  
0 . 0 5 5 6 9  
0 . 1 31 33 
0 . 0 0 1 31 
0 . 0 3299 
0 . 0 0 6 19 
0 . 0 5 30 9  
0 . 0 90 8 4  
0 . 0 394 4 
0 . 0 1 1 0 6  
0 . 020 7 8  
0 . 0 0 0 41 
0 . 0 1995  
0 . 0 5 4 8 6  
0 . 0 2 8 30 
0 . 0 0 0 4 9 
Q . 0 5 8 5 3  
111 
3 
0 . 6 96 4 8 * *  
0 . 4 5 0 0 6 * *  
0 . 0 30 7 7  
0 . 134 5 5  
0 . 0 4 121 
0 . 0 7 7 52 
0 . 12902 
0 . 0 0 0 02 
0 . 01218 
0 . 0 0 416 
0 . 0 0 16 6 
0 . 0 0 018 
0 . 0 0 34 9 
0 . 0 0 0 01 
0 . 0 5 4 34 
0 . 7 0 0 6 3 * *  
0 . 0 6 4 5 9  
0 . 0 0 416 
0 . 11 4 0 6  
0 . 32301* 
0 . 0 8 7 8 9  
0 . 0 3219 
0 . 0 0239 
0 . 0 0 0 6 6  
0 . 0 090 7 
0 . 0 0 4 39 
0 . 0 18 0 8  
0 . 0 0131 
0 . 0 8 7 4 6  
0 . 0 6 34 6  
0 . 01029 
TABLE 2. MEAN SQUARES OF AVERAGE DAILY GAINS. 
EXPERIMENT l (CONTINUED) 
Source df 
Replication (Rep) 3 
Sex 1 
Rep x Sex 3 
Calcium (Ca) 1 
Rep x Ca 3 
Ca x Sex 1 
Rep x Ca x Sex 3 
Antibiotic (Ant) 1 
Rep X Ant 3 
Ant x Sex 1 
Rep x Ant x Sex 3 
Ca x Ant 1 
Rep x Ca x Ant 3 
Ca x Ant x Sex 1 
Rep x Ca x Ant x Sex 3 
Source (So) 1 
Rep x So 3 
Sex x So 1 
Rep x Sex x So 3 
Ca x So 1 
Rep x Ca x So 3 
Ca x Sex x So 1 
Rep x Ca x Sex x So 3 
Ant x So 1 
Rep x Ant x So 3 
Ant x Sex x So 1 
Rep x Ant x Sex x So 3 
Ca x Ant x So l 
Rep x Ca x Ant x So 3 
Ca x Ant x Sex x So 1 







0. 03 318  
0. 09191 
0. 0178 3  
0. 121 8 9 
0. 07578  
0. 05080 
0. 009 8 8  
0. 15610 
0. 073 58  
0. 00049 
0. 05 9 79 
0. 01424 
0. 1 4 76 2 * 
0. 00619 
0. 028 77  
0 . 003 30 
0. 04778 
0. 0775 2  
0. 05 3 25 
0. 06615 
0 . 0186 2 
0. 0021 9 
0 . 01222 
0 . 02231 
0. 00816 
0. 019 26 
0. 00819 
1+2+3  
0. 008 3 7  
0. 20721 *  
0. 02402 
0. 06 257 
0. 02574 
0. 08 8 7 3  
0. 02947 
0. 056 53 
0. 03153 
0. 03094 
0. 006 23 
0. 06 799 
0. 03 757 
0 . 00028 
0. 0496 2 
0. 03 816 
0. 10 56 3  
0. 00075 
0. 04486 
0. 04 9 22 
0. 0 2 811 
0 . 01 781 
0. 021 93 
0. 02 8 50 
0 . 01129 
0. 00001 
0. 009 8 3  
0. 01260 
0 � 00419 
0. 0303 2 
0. 001 8 8  
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TABLE 3. MEAN SQUARES FOR FEED/GAIN . EXPERIMENT 1. 
Source d f  ],- ') L. 
Total 3 1  
Cal cium ( Ca) 1 0. 0 247 5 0. 0 1 087 
Antibiotic (Ant) 1 0. 0 9 57 0  0. 0 37 1 3  
Ca X An t 1 0. 0 0 383 0. 1 5820 
Calcium source (So) 1 0. 0 9 3 5 3 0. 0 1 4 0 3  
Ca X So 1 0. 0 0878 0. 0 97 9 0  
An t  X So 1 0. 21288 0. 0 6 3 9 0  
Ca X An t  X So 1 0. 0 0 1 1 3  0. 0 2258 
Repl ication ( Rep) 3 0. 45 7 64 0. 9 2814 
Rep X Ca 3 0. 0 6 1 97 0. 0 0878' 
Rep X An t 3 0. 0 1 0 04 0. 0 2289 
Rep X Ca X Ant , 3 0. 0 29 58 0. 0 3 244 
Rep X So 3 0. 1 0 184 0. 0 2874 
Rep X Ca X So 3 0. 1 9 0 31 0. 0 1 9 6 2  
Rep X Ant X So 3 0. 07 1 0 6 0. 0 325 5 
Error 3 0. 0 580 6 0. 1 077 6 
* P  <.  0 5  
* *P <. 0 1  
Period 
3 1+2 
0. 0 5 1 20 0. 0 27 0 3  
0. 0 0 180 0. 0 0428 
0. 1 9 5 3 1 0. 0 5 368 
1. 3 2845 *  0. 0 1 57 5  
0. 0 0 281 0. 0 1 57 5  
0 . 0 1 9 0 1  0. 0 0 9 4 5  
0. 02880 0. 0 0 577 
1. 77 6 27 *  0. 5 26 9 3 * *  
0. 187 3 3 0. 0 1422 
0. 0 5 222 0. 0 0 7 6 5  
0. 0 29 6 0  0. 0 2814 
0. 0 3 5 6 1  0. 0 1 6 0 9  
0. 189 3 0 0. 0 5 07 3  
0. 0 6 1 14 0. 0 346 1 
0. 1 26 26 0. 0 1 6 3 0  
1+2+ 3  
0. 0 0428 
0. 0 0 6 9 0  
0. 0 0 0 0 3  
0. 0 5 5 27 
0 . 0 0 1 1 3  
0. 0 1 1 6 3  
0. 0 0 340 
0. 1 0 074 
0. 0 29 34 
0. 0 0 23 1  
0. 0 0 27 0  
0. 0 0 5 04 
0. 0 1 3 1 2 
0. 0 1 584 




TABLE 4. MEAN SQUARES FOR AVERAGE DAILY FEED CONSUMPTION. EXPERIMENT 1. 
er iod 
Source df  1 2 3 1+ 2 -
Total 3 1  
Calcium (Ca) 1 0. 00037  1. 04 7 6 3  0. 2 9070 0. 2 6 2 81 
Antib iotic ( Ant) 1 0. 0306 3 0. 2 6 4 6 3  0. 01 2 40 0. 1 104 5 
Ca X Ant 1 0. 03 603 0. 2 8 3 1 3  0. 3 0 6 1 5  0. 1 2 2 5 1 
Calcium source ( So) 1 0. 00300 0. 001 1 3  0. 006 3 3  0. 001 5 1  
Ca X So 1 0. 06 9 3 8  0. 09 3 5 3  1. 1 1 3 7 8* *  0. 00020 
An t  x So 1 0. 03 850 0. 08100 0. 0306 3 0. 05 2 81 
Ca  X An t. X So 1 0. 00 87 7 0. 005 2 5  0. 01 6 6 5  0. 0084 5 
Repl ication ( Rep) 3 0. 3 1 109 * * * 1. 7 8077 * 1. 3 6 2 3 7 * *  0. 2 1 2 7 9  
Rep X Ca 3 0 . 07 2 9 Q  0. 01 7 84 0. 105 9 6  0. 02 500 
Rep X Ant 3 0. 009 2 4  0. 405 1 3  0. 05 301 0.1 1 4 81 
Rep X Ca X An t 3 0. 07 9 9 4  0 . 2 1 9 6 4  0. 2 4 7 9 1  0. 1 1 1 1 8  
Rep X So 3 0. 1 3 4 7 9 *  0. 2 3 87 7  0. 3086 4 0. 1 85 2 5  
Rep X Ca X So 3 0. 09 4 83 *  0. 07084 0. 20700 0. 02 7 81 
Rep X An t. X So 3 0. 09 3 9 5 *  0. 01 4 84 0 .. 1 4 4 4 7  0. 03 3 4 2  
Error 3 0. 009 1 6  0. 1302 4 0. 0 5 4 3 1  0. 02 87 6 
*P <. 05 
* *P <. 02 5  
* * *P <. 0 1 
1+ 2+ 3 
0. 2 7 1 9 5  
0. 06 9 3 8  
0. 17 2 5 8  
0. 00300 
0. 1 1 400 
0. 0081 3 
0. 009 4 5  
0. 2 1 6 3 9  
0. 02 4 4 8  
0. 0 6 9 4 8  
0. 107 3 9  
0. 2 1 5 88 
0. 02 6 5 4  
0. 005 1 9  




TABLE 5 .  MEAN SQUARES FOR AVERAGE DAILY GAINS. 
Source df 1 2 
Total 9 5  
C a lcium (Ca) 2 0.0 0 2 1 3 0.0145 3 
Antibiotic  (Ant )  1 1. 0 37 50* * *  1. 3 9 9 2 5 * * *  
Ca X Ant 2 0.2 1 666* 0. 2 5 8 2 3* 
Sex 1 0.2 1 9 5 6  0.35 30 9 *  
Ca x Sex 2 0.0 507 6 0.1 3 5 67 
Ant x Sex 1 0.07 333 0.0 68 9 3  
Ca x Ant x Sex 2 0.0 5 620 0.0 68 5 8  
Rep 3 0.2 2 1 2 1* *  0.2 9 7 8 2 * 
Rep X Ca 6 0.02748 0.07 2 9 2  
Rep X Ant 3 0.1 0 545 0.10745 
Rep X Ca  X Ant 6 0.0 4414 0.00 500 
Rep x Sex 3 0.00480 0.010 0 5  
Rep X C a  X Sex 6 0.132 2 8  0.11 5 8 6  
Rep X Ant X Sex 3 0.0 1 8 71 0.03519  
Error 54 0.0 5 5 69 0.07989  
*P  < .  0 5  
* *P <(.02 5 




0.0 1 62 6  0.00 5 65 
2. 5 5454* * * 1 . 3 2 30 5* * *  
0. 3 2404* 0.2 37 6 8 * 
0. 39 343* 0.1 6566 
0.2 5 8 1 6  0.10 9 2 2  
0.009 30 0.0012 8 
0.01 894 0.0 1 8 34 
0.2 3 3 1 9 *  0.2 3 9 62 * *  
0.0 247 8 0.0 8 63 3  
0.0 5 9 7 5  0.09 2 8 7  
0.0 3004 0.00 542 
0.019 8 5  0.00 540 
0.0 8 7 34 0.10 5 2 5 
0.2 139 3 0.02034 
0.08 389 0.0745 6 
1+ 2+ 3 
0.002 1 6  
2.1 241 5 � * *  
0. 1 8 9 8 5  
0.2 37 80*  
0.0947 2 
0.00 7 38 
0.0 8 240 
0.1 7 9 64* 
0.006 5 3  
0.07 2 38 
0.01 684 
0.04749 
0.0097 7  
0.0 241 9 




TABLE 6. MEAN SQUARES FOR FEED/GAIN. EXPERIMENT 2. 
Period 
Source df 1 2 3 
Total 2 3  
Calcium (Ca )  2 1. 62 2 9 5  0. 0 1 445 0. 0 1 1 3 2  
Antibiotic (Ant.) 1 0 .. 2 3404 0. 80 667*  0. 170 0 2 * *  
C a  X Ant 2 0. 83 5 0 1  0. 0 9828 0. 0 2 087 
Replication 3 0. 65486 0. 786 5 9 *  0. 0 3 524 
Rep X Ca 6 1. 0 5 9 5 9  0. 0 2 278 0. 0 2489  
Rep X Ant 3 1. 5 2 670 0. 0 61 2 0  0. 0 0 69 9  
Error 6 1 . 082 0 6  0. 086 0 3  0. 0 0781 
*P <. 0 2 5  
**P <. 0 1 
1+2  
0. 0 241 2 
0. 47 3 2 0 * *  
0. 0 5 5 3 2  
0 . 2 1 646* 
0. 0 2 2 74 
0. 0460 2 
0. 0 3 279  
1+2+ 3 
0. 0 0 5 4 1  
0. 2882 0 * *  
0. 0 2 3 58 
0. 14886* * 
0. 0 1 52 3  
0. 0 172 9 
0. 0 0710  
..... 
..... 
TABLE 7 .  MEAN SQUARES FOR AVERAGE DAILY FEED CONSUMPTION. 
Per iod 
Source df 1 .  2 3 
Total 2 3  
Calcium (Ca )  2 0. 0 9 9 1 2  0. 0 2 34 5 0. 2 0 3 1 8  
Antibiotic (Ant) 1 0. 4 959 4 ** 1. 717 35* 2. 54150 ** 
Ca X Ant 2 0.137 45 0. 112 85 0. 10 0 9 0* 
Replication ( Rep) 3 0. 30 155* 0. 1 1 954 0. 6 6 9 0 8 * *  
Rep X Ca 6 0. 0 3531 0. 3189 6 0 . 0 6 0 9 2  
Rep X Ant 3 0. 05575 0. 1 8 32 9 0. 136 6 8 * 
Error 6 0. 0 36 31 0. 16114 0. 019 65 
*P < . 05 
* *P < . 01 
EXPERIMENT 2. 
1+2 
0. 0 5 7 2 0  
1. 0 0 0 4 2** 
0. 0 7 7 0 3  
0. 15 0 0 8  
0.1 1 1 32 
0. 0 6 2 01 
0. 0 6 8 2 8  
1+ 2+ 3 
0. 0 4 7 2 7  
1. 5050 0 ** 
0. 0 7 2 6 2  
0. 2 6 1 8 2* 
0. 0 4156 
0. 0 6 2 4 3  




TABLE 8 • MEAN SQUARES FOR BLOOD SERUM CALCIUM. 
EXPERIMENT 2. 
Period 
Source df 1 2 3 
Total 95 
Calcium (Ca) 2 0.0 4 31 3  3.7 5 57 8 * *  1.51 5 8 2  
Antibiotic (Ant.) 1 0.07 993 3.7 7 23 0 * *  4.8 465 1  
Ca X A t. 2 0.7 517 4  0.5 18 3 8  0.0 5 8 5 1  
Sex 1 0.4 8 232 0.0 5 96 3  0.0 2964 
Ca X Sex 2 0.5 864 8 0.38 5 94 1.1 47 5 2  
Ant. x Sex 1 0.4 98 5 3  0.7 5 939  0.21944 
Ca x Ant. X Sex 2 1.20 5 57 0.24 8 54 0.0 8 15 3  
Replication {Rep) 3 2.387 4 9* *  2.92287 * *  9.0 4 4 5 8 * *  
Rep X Ca 6 0.67 27 2 0 . 38 23 2  0.3956 3  
Rep X An t. 3 0.5 27 97 0.4 297 3 0.8 060 1  
Rep x Ca X Ant. 6 1 . 25 4 4 5  1.0 21 1 9 *  1.8 5 38 5  
Rep X Sex 3 0.227 99  0.277 5 8  1.774 1 9  
Rep X Ca X Sex 6 0.17 6 91 0. 8 5634 1.95 8 5 2  
Rep X Mt X Sex 3 0.23287 0.22926 3.6 168 4 
Error 54 0.4 560 9  0.4 5 0 17 1.4 15 93  
*P < .  0 5  
* *P < .  0 1  
119  
TABLE 9 .  MEAN SQUARES FOR BLOOD SERUM CHLORTETRACYCLINE. 
EXPERIMENT 2. 
Period 
Source df 2 3 
Total 47  
Calcium (Ca) 2 0.1 91 33* * 0.878 67 * * 
Sex 1 0.01139 0.00519 
Ca X Sex 2 0. 00142 0.01367 
Replication (Rep) 3 0.026 38 * *  0.03240 *  
Rep X Ca 6 0.00211 0. 0657 1 
Rep X Sex 3 0.00092 0 . 00393 
Rep X Ca X Sex 6 0.00410 0. 008 8 5  
Error 2 4  0. 0 028 8 0 . 0 09 30 
*P < .O S 
* *P <.0l 
120 
TABLE 10. MEAN SQUARES FOR AVERAGE DAILY GAINS. 
EXPERIMENT 3. 
Pe riod 
SourcE· df 1 2 1+2 
Total 10 2 
Rep l 0. 50408 * *  0. 0 687 1 0. 13151 
Trt 12 0. 2 2204* * 0. 482 23 * * 0. 25288 * *  
Rep X Trt 1 2  0. 0 338 9 0. 08 17 2  0. 0 214 9  
Sex 1 0. 0 548 6 0 . 228 17 0. 0 9746 
Rep X Sex 1 0. 0 102 2 0. 28 1 67 0. 0 3071 
Trt X Sex 12 0. 02 399 0. 0 6495 0 . 0 30 97 
Rep X Trt x Sex 12 0. 02727 0. 10 6 38 0. 0438 5  
E r:;:-or 51 0. 0 5112 0. 117 59 0. 0 6 0 9 1  
* P  < .  0 5  
* *P <. Ol 
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TABLE 10. CONTINUED 
Period 
Source- df 3 . .  2+3 1+2+3 
Total 91 
Rep 1 0. 73802* * 0. 3 9 3 92*  0. 03680  
Trt 11 0. 29244* * 0. 3 258 2* *  0. 24 229* * 
Rep X Trt 11 0. 098 50 0. 053 24 0. 03478 
Sex 1 0. 14615 0 . 12438 0. 10711 
Rep X Sex 1 0. 1189 5 0. 00996 0. 02032 
Trt X Sex 11 0. 013 29 0. 01131 0. 01553 
Rep X Trt x Sex 10 0. 02255 0 . 16 300 0. 01034 
Error 45 0. 0708 9  0 . 06 8 57 0. 0 5 2 6 1  
*P < .  05 
* *P < . 01 
TABLE 11. MEAN SQUARES FOR BLOOD SERUM CALCIUM. 
EXPERIMENT 3. 
Soure.;e df 
Total 10 2 
Rep 1 
Trt 12 
Rep x Trt 12 
Sex 1 
Rep x Sex 1 
Trt x Sex 1 2  
Rep x T rt x Sex 12 
Error 51  
*P < . 05  
* *P <. O l 
Period 
1 
3. 2 9049* *  
0. 87865* *  
0. 13033 
0 . 148 91 
0 . 07001 
0. 34967* 
0. 14131 




0 . 87040 * *  
0 . 2 88 29 
0 . 02652 
1. 5340 2* 
0 . 0 9283 
0. 22831 
0 . 2 8 558 
1 23 
TABLE 1 2. MEAN SQUARES FOR BLOOD SERUM CHLORTETRACYCLINE. 
EXPERIMENT 3. 
Period 
Source df 1 2 
Total 94 
Rep 1 0. 1 8442* * 0.25368* * 
T rt 11  0.32419 * *  0 . 1 1 599* * 
Rep X T rt 11  0.01 64 8  0 . 01 635 
Sex 1 0 . 00359 0.0015 5  
Rep X Sex 1 0.00045 0 . 04229 
Trt x Sex 1 1  0.0101 5 0.01 631  
Rep X Trt x Sex 11  0. 01017 0 . 009 1 6  
Error 47 0. 00866 0 . 01 274 
* ·k p  < Q . 1  
